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The present invention provides a novel method for 
forming multilevel interconnections in a semiconductor 
device. A silicon oxide film (2) is formed on a 
semiconductor substrate (1 ). A first photo-resist film 
pattem (3, 3A) is formed on the first silicon oxide film 
(2). The surface of the silicon oxide film (2) covered 
with the photo-resisit film pattern (3, 3A) is exposed to 
a super-saturated hydrosilicofluoric acid solution to 
selectively deposit a first fiuoro-containing silicon oxide 
film (4A) on the silicon oxide film (2) by use of the first 
photo-resist film pattern (3, 3A) as a mask. The first 
photo-resist film pattern (3, 3A) is removed, thereby 
resulting in first grooves (5, 5A) in the fluoro-containing 
silicon oxide film (4A). First interconnections (9-1 a) are 
formed within the first grooves (5, 5A). An inter-layer 
insulator (12) is formed on an entire surface of the 
device and then subjected to a dry etching and a 
photo-lithography to form via holes (15A, B) in the 
Inter-layer insulator (12). Conductive films (19) are 
selectively formed in the via holes (ISA, 8). A second 
photo-resist film pattern (1 1 , 1 1 A) is selectively formed 
to cover the conductive films (19) within the via holes 
(15A, B). The entire surface of the device covered with 
the second photo-resisit film pattern (11, 11 A) is 
exposed to a super-saturated hydrosilicofluoric acid 
solution to selecfively deposit a second fluoro- 
containing silicon oxide film on the inter-layer insulator 
(1 2) by use of the second photo-resist film pattern (1 1 , 
11 A) as a mask. The second photo-resist film pattem 
(11. 11 A) is removed, thereby resulting in second 
grooves (18, 18A) in the second fluoro-containing 
silicon oxide film. Second interconnections (9-3a) are 
fonned within the second grooves (18, 18A). 
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Method for forming multilevel interconnections in semiconductor device 

Description of correspondent: EP0724292 



The present invention relates to a method for forming multilevel interconnections In a semiconductor device. 

In order to increase the density of integration of the semiconductor device, scaling down of the Interconnections ar 
increase In the number of levels thereof are necessary. Surface planarizatlon of an inter-layer Insulator Is essential 
obtain the scaling down of the interconnections. The accuracy of the scale of the interconnections formed on the ir 
layer insulator largely depends upon the degree of the surface planarization of the inter-layer Insulator. The increaj 
in the number of the interconnection level enlarges a difference in level, or a height of the step, of the upper 
interconnection. If the difference in level of the upper interconnection is beyond the depth of focus in the photo- 
lithography, then the scale of the interconnection is different between the upper and lower parts bounded by the 
step.ln order to improve the accuracy of the size of the interconnections. It is essential to reduce the step as much 
possible. 

In the prior art, the following forming process for the inter-layer insulator is often used. A first silicon oxide film is 
deposited by a plasma chemical vapor deposition method. A spin-on-glass film is formed on the first silicon oxide f 
in order to obtain a plagiarized surface. A second silicon oxide film is deposited on the spin-on-glass film by the 
plasma chemical vapor deposition method. The planarization method using an SOG film is effective to plagiarize a 
portion at which many narrow interconnections are concentrated. In this case, the SOG film is formed as thin over 
narrow interconnections and is fonmed as thick over wide interconnections. As a result, it is difficult to completely 
plagiarize an entire surface of a chip, thereby causing the variation in size of interconnections formed on the inter- 
layer insulator.This means that It Is difficult to form fine interconnections. 

The requirement for completely plagiarizing the inter-layer insulator has been on the Increase. In order to facilitate 
planarization, it is effective to provide a silicon oxide film with grooves which receive interconnections being made 
tungsten. This teclmique is disclosed in VLSI Multilevel Interconnection Conference Proceedings, June 1992 pp. 2 
28. The tungsten film is Immersed In a contact portion of 64 Mbit DRAM. A first interconnection layer comprises a 
tungsten film which is immersed In an interconnection groove of the silicon oxide film. A second interconnection la> 
comprises a lamination structure of an aluminum film and a tungsten film. Detail descriptions of the above teclmiqi 
will be described below with reference to FIGS. 1A-1H. 

As illustrated in FIG. 1A, a first insulating film 2, which is made of silicon oxide, is formed on a silicon substrate 1. > 
second insulating film 3, which Is made of silicon oxide film, is formed on the first insulating film 2. 

As illustrated In FIG. 1B, a photo-resist film 27 is applied on the second insulating film 4 and then patterned to forn 
photoresist pattern 27. 

As illustrated In FIG. 1C, the second insulating film is subjected to a reactive ion etching using fluorine gas to form 
interconnection grooves 5 in the second insulating film 4. 

As illustrated in FIG. 1D, a titanium film 6-1 is formed by sputtering on the side walls and the bottom of each of the 
interconnection grooves 5 and on the top of the second insulating film 4. A titanium nitride film 7-1 is formed by 
sputtering on the titanium film 6-1. A tungsten film 8-1 is grown on an entire surface of the titanium nitride film 7-1 i 
chemical vapor phase deposition method using WF6 gas and SiH4 gas wherein SiH4 is reduced. As a result, the fi 
interconnection grooves 5 are filled with the tungsten film 8-1 and the top of the titanium nitride film 7-1 is complete 
immersed within the tungsten film 8-1 . 

As illustrated in FIG. IE, the tungsten film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing so that the tungsten film 8-1, the titanium nitride film 7-1 and the titan 
film 6-1 remain only within the first interconnection grooves 5. As a result, first interconnections 9-1 , which compris 
the titanium film 6-1, the titanium nitride film 7-1 and the tungsten film 8-1, are formed within the first interconnectic 
grooves 5. 

As illustrated in FIG. IF, a second Insulating film 13. which is made of silicon oxide, is formed on the level surface 
the device, wherein the second insulating film 13 acts as an inter-layer insulator. Via holes 15 are selectively forme 
the second insulating film 13 by a combination of photo-lithography and reactive ion-etching. The via holes 15 are 
positioned over the remaining tungsten film 8-1 within the first interconnection grooves 5. The top of the first 
interconnections 9-1 are covered by the second insulating film 13. 

As illustrated in FIG. 1G, a titanium film 6-2 is formed by sputtering on the side walls and the bottom of each of the 
holes 15 and on the top of the second insulating film 13. A titanium nitride film 7-2 is formed by sputtering on the 
titanium film 6-2. A tungsten film 8-2 is grown on an entire surface of the titanium nitride film 7-2 by a chemical vap 
phase deposition metiiod using WF6 gas and SiH4 gas, wherein SiH4 is reduced. As a result, tiie via holes 15 are 
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filled with the tungsten film 8-2 and the top of the titanium nitride film 7-2 is completely immersed within the tungstc 
film 8-2. The tungsten film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 are selectively removed by a 
chemical/mechanical polishing so that the tungsten film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 
remain only within the via holes 15.As a result, the contacts 9-2, which comprises the titanium film 6-2 and the titar 
nitride film 7-2. are formed within the via holes 15. 

As illustrated in FIG. 1H, an insulating film 16, which is made of silicon oxide, is formed on the surface of the devic 
photo-resist film, which is not illustrated, is applied on the insulating film 16 and then patterned to form a photoresi: 
pattern, which Is not illustrated. The insulating film 16 is subjected to a reactive ion etching using fluorine gas to for 
second interconnection grooves 18 in the insulating film 16. A titanium film 20 is formed by sputtering on the side v 
and the bottom of each of the second interconnection grooves 18 and on the top of the insulating film 18. An 
aluminum film 21 is formed by sputtering on the titanium film 20 within the second interconnection grooves 18. A 
tungsten nitride film 22 is formed on the aluminum film 21 within the interconnection grooves 18. A tungsten film 2; 
grown on an entire surface of the device by a chemical vapor phase deposition method using WF6 gas and SIH4 £ 
wherein SiH4 is reduced. As a result, the second interconnection grooves 18 are completely filled with the tungstei 
film 23. The tungsten film 23 are selectively removed by a chemical/mechanical polishing so that the tungsten film 
the tungsten nitride film 22, the aluminum film 21 and the titanium film 20 remain only within the second 
Interconnection grooves 18. As a result, second interconnections are formed within the second interconnection 
grooves 18. Each of the interconnections comprises the tungsten film 23, the tungsten nitride film 22, the aluminun 
film 21 and the titanium film 20. 

The above conventional method for forming the multilevel interconnections has the following disadvantages. As 
described above, the interconnection grooves for receiving the interconnections are formed by subjecting the silicc 
oxide film 4 to the reactive ion-etching. The silicon oxide film 4 overlays the silicon oxide film 2. The silicon oxide fil 
has a not large selective ratio in reactive ion-etching to the silicon oxide film 2. Thus, the etching rate of the silicon 
oxide film 4 is not so larger than the etching ratio of the silicon oxide film 2. For that reason, it -is difficult to precise 
control the etching depth. The reactive ion-etching depends on the pattern due to micro-loading effect. For exampi 
the etching depth is varied by the variation in the width of the interconnection groove.The depth of the interconneci 
groove corresponds to the thickness of the interconnections. When the depth of the interconnection groove has a 
variation, this means that the interconnection thickness also has a variation, tiiereby resulting in deterioration of thi 
reliability of the interconnections. 

There is another conventional metiiod for fonning multilevel interconnections, which will hereinafter be described \a 
reference to FIGS. 2A-2E. In order to form the multilevel Interconnections by both a liquid phase growth of a silicor 
oxide film and a non-electro-plating. This teclmique is the same as disclosed in the Japanese laid-open patent 
application No. 4-290249. The process for forming the multilevel interconnections are as follows. 

As illustrated in FIG. 2A, a silicon oxide film 2 is formed on a silicon substrate 1 . A copper film 24, having a thickne 
of 100 nanometers, Is formed on the silicon oxide film 2 by sputtering. 

As illustrated in FIG. 2B, a photo-resist film is applied on the copper film 24 and then pattered to form a first photo- 
resist pattem 3. The copper film 24 is selectively etched by using the first photo-resist pattern 3 as a mask. A fiuon 
containing silicon oxide film 4 is selectively grown by a liquid phase growth method using the first photo-resist pattc 
3 as a mask, so that the fluoro-containing silicon oxide film 4 is formed in apertures defined by the first photo-resis* 

pattern 3. 

As illustrated in FIG. 2C, the first photo-resist pattern 3 is removed. A first copper plating film 25 is selectively form 
by a non-electro-plating method on tiie copper film 24 in apertures defined by the fluoro-containing silicon oxide fill 



As illustrated in FIG. 2D, a photo-resist film is applied on the copper film 24 and then pattered to form a second ph 
resist pattem 1 1 on a predetermined part of the first copper plating film 25. A fluoro-containing silicon oxide film 13 
selectively grown by a liquid phase growth method using the second photo-resist pattern 1 1 as a mask, so that the 
fluoro-containing silicon oxide film 13A is fonned in apertures defined by the second photo-resist pattem 11. 

As illustrated in FIG. 2E, the second photo-resist pattem 11 Is removed. A second copper plating film 26 is setectiv 
formed by a non-electiro-plating method on the first copper plating film 25 in apertures defined by the fluoro-contair 
silicon oxide film 13A. 

The above method for forming the interconnections has Uie following disadvantages. As described above, the non 
electi-o-plating of a metal is used to fill the grooves and the holes with the metal. The metal has to be selected fronr 
limited groups, such as gold, copper and nickel, suitable for the metal plating. It is difficult to fomi tiie interconnecti 
by use of the sputtering and the chemical vapor deposition. In order to form the silicon oxide film, there has to be u 
an H2SiF6 liquid in which HF is included. Even when a boric acid is added to cause a supersaturation state, HF 
dissociates by extracting silicon oxide. For this reason, it is impossible to use metals, such as aluminum, which are 
soluble to HF. Copper tends to be oxidized. In the plating method using a liquid, the copper surface under the via t 
tends to be oxidized.The oxidized surface of the copper film acts as an insulator, thereby an electrical connection 
between the first and second Interconnections can not be obtained. 
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Accordingly, it is an object of the present invention to provide a novel method for fomning interconnections free fror 
any disadvantages as described above. 

It is a further object of the present invention to provide a novel method for fomiing interconnections, which permits 
variable materials to be used for the interconnections. 

It is a further more object of the present invention to provide a novel method for forming interconnections with a 
uniform thickness. 

It is a moreover object of the present invention to provide a novel method for forming multilevel interconnection 
structure with a high reliability. 

It is a still further object of the present invention to provide a novel method for forming multilevel interconnections 
which are electrically connected to each other. 

It is yet a further object of the present invention to provide a novel method for fonming multilevel fine interconnectio 
being planarlized. 

The above and other objects, features and advantages of the present invention will be apparent from the following 
descriptions. 

The present invention provides a novel method for forming multilevel interconnections in a semiconductor device, t 
silicon oxide film is formed on a semiconductor substrate. A first photo-resist film pattern is formed on the first silicc 
oxide film. The surface of the silicon oxide film covered with the photo-resisit film pattern is exposed to a super- 
saturated hydrosilicofiuoric acid solution to selectively deposit a first fluoro-containing silicon oxide film on the siiia 
oxide film by use of the first photo-resist film pattern as a mask. The first photo-resist film pattern is removed, there 
resulting in first grooves in the fluoro-containing silicon oxide film. First interconnections are formed within the first 
grooves. An inter-layer insulator is formed on an entire surface of the device and then subjected to a dry etching ai 
photo-lithography to form via holes in the inter-layer insulator. Conductive films are selectively formed in the via ho 
A second photo-resist film pattern is selectively formed to cover the conductive films within the via holes. The entir 
surface of the device covered with the second photo-resisit film pattem is exposed to a super-saturated 
hydrosilicofiuoric acid solution to selectively deposit a second fluoro-containing silicon oxide film on the inter-layer 
insulator by use of the second photo-resist film pattem as a mask. The second photo-resist film pattern is removed 
thereby resulting in second grooves in the second fiuoro-containing silicon oxide film. Second interconnections are 
formed within the second grooves. 

As modifications, the following process for forming the inter-layer insulator is available. A silicon oxide base film is 
deposited on an entire surface of the device. A second photo-resisit film pattern is selectively formed on the silicon 
oxide base film to overlay only the first interconnections. The entire surface of the device, covered with the second 
photo-resisit film pattem, is exposed to a super-saturated hydrosilicofiuoric acid solution to selectively deposit a flu 
containing silicon oxide inter-layer insulator film on the inter-layer insulator by use of the second photo-resist film 
pattem as a mask. The second photo-resist film pattem is removed, thereby resulting in apertures in the fiuoro- 
containing silicon oxide inter-layer insulator film.The silicon oxide base film shown through the apertures is remove 
by the reactive ion-etching so as to form via holes in the fluoro-containing silicon oxide Inter-layer insulator film. A 
selective chemical vapor deposition method is available to selectively form metal films such as tungsten films withi 
the via holes. The following processes are also available for forming metal films such as tungsten films within the v 
holes. A metal film is deposited on an entire surface of the device and then subjected to either a dry etching or a 
chemical/mechanical polishing to have the metal film partially remain in the via holes. 

As further modifications, the silicon oxide film may contain at least one of phosphorus, boron and germanium. SucI 
film may be formed by either a sputtering method or a chemical vapor deposition method. The interconnections m; 
be made of a conductive material which includes at least one of titanium nitride, tungsten, molybdenum, gold, silve 
copper, silicon, aluminum, titanium, titanium-containing silicon. Such conductive film may be formed by a chemical 
vapor deposition method or a sputtering method. 

The super-saturated hydrosilicofiuoric acid solution may be prepared by heating a hydrosilicofiuoric solution. The 
super-saturated hydro-silicofiuoric acid solution may also be prepared by dissolving aluminum into a hydrosilicoflu( 
solution. The super-saturated hydro-silicofluoric acid solution may be prepared by adding either a boric add solutic 
or water into a hydrosilicofiuoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-containing silicon 
oxide film without using a reactive ion-etching process. This means that the interconnection grooves are free from 
variation in its size due to any variation in the size of a photo-resisit pattem. 

When the inter-layer Insulator is formed, the first interconnections which underiying the inter-layer insulator are not 
exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are free from any 
corrosion. 
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When the second fluoro-containing silicon oxide film which overlays the inter-layer insulator is formed, the conduct 
films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro-silicofluoric acid solu 
so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerization. 

Preferred embodiments of the present Invention will be described in detail with reference to the accompanying 
drawings. 

FIGS. 1 A-1 H are cross sectional elevation views illustrative of the semiconductor device with multilevel 
interconnections involved in the conventional fabrication method. 

FIGS. 2A-2E are cross sectional elevation views illustrative of the semiconductor device with multilevel 
interconnections involved in the other conventional fabrication method. 

FIGS. 3A-3N are cross sectional elevation views illustrative of a semiconductor device with multilevel Interconnecti 
involved in a novel fabrication method in a first embodiment according to the present invention. 

FIGS. 4A-4J are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti< 
involved in a novel fabrication method in a second embodiment according to the present invention. 

FIGS. 5A-5K are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti 
involved in a novel fabrication method in a third embodiment according to the present invention. 

FIGS. 6A-6H are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti 
involved In a novel fabrication method in a fourth embodiment according to the present invention. 

A first embodiment according to the present invention will be described with reference to FIGS. 3A-3N, wherein a 
novel method for forming multilevel interconnections in a semiconductor device is provided. 

As Illustrated in FIG. 3A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micromete 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to fomri a photo-resist pattern 3A on the 
insulating film 2. 

As illustrated in FIG. 3B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following formulae. <CHR NUM="(1)">H2SiF6 + 2H20 -> 6HF + 1802 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), is caused by adding 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
which has Si-F bonding, Is deposited on the silicon oxide film 2.During the deposition of the fluoro-containing silico 
oxide film 4A, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility i 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
containing silicon oxide film deposition rate being In the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 3C. only the first photo-resist pattem 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are formed. 

As illustrated in FIG. 3D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1x10<-5> R 
created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with ; 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. An alumii 
film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapor depositio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a canier gas of hydrogen at s 
temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gas used in the 
bubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 
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temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 3E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whii 
comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 , are formed in the first 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a PH value of 2.5 w( 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 3F, a silicon oxide base film 10 with a thickness of approximately ICQ nanometers is formed c 
an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film is applied on an 
entire surface of the silicon oxide base film 10 and then patterned to form a second photo-resist pattern 11 A which 
positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 3G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers is gro 
on the silicon oxide base film 10 by using the second photo-resist pattern 1 1A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersinc 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above fomnulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in tiie 
hand term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containinj 
silicon oxide film 1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. The 
second photo-resist pattem 1 1 A, having apertures within which the fluoro-containing silicon oxide film 12 is formed 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 3H, the silicon oxide base film 10 under the openings 14 is selectively removed by a reactive 
etching which uses CF4 gas to form via holes 15A over the titanium films 8-1 within tiie first interconnection groove 
5A. The reactive dry etching is carried out by using a parallel plate type apparatus usable for batch treatments. Th( 
flow rate of CF4 gas is maintained at 100 seem. The pressure of the reaction chamber is set at 10 Pa. The substra 
temperature is maintained at 20 DEG C, A power of IkW with a frequency of 13.56MHz is applied. The etching rat 
approximately 40 nanometers/min. is obtained. By the etch back process, the thickness of the fluoro-containing sili 
oxide film 12 is reduced to approximately 0.65 micrometers. The fluoro-containing silicon oxide film 12 and the silic 
oxide base flim 10 constitute a third Insulator 13B. 

As illustrated in FIG. 31, a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire surface oft 
device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is deposited on the 
titanium film 6-2 by a sputtering method. An aluminum film 8-2 with a thickness of approximately 0.7 micrometers i 
formed on the titanium nitride film 7-2 by a thermal chemical vapor phase deposition, wherein dimethylalminumhyc 
AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and th 
introduced into a reaction chamber. The flow rate of hydrogen gas used in the bubbling method is contirolled at 25( 
seem. The pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintain 
at 250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3J. the aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-2, the titanium nitride film 7-2 and the 
titanium film 6-2 only within the via holes 15A. As a result, the conductive films, each of which comprises the 
aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2, are formed in the via holes 15A. The po\\s\ 
is canied out by using an acid polishing agent with a PH value of 2.5 where silicon oxide particles with a diameter • 
approximately 30 nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 
times/min. A rotational speed of a polishing head Is also maintained at 50 times/min. The polishing agent is added 
rate of 75 cc/min.The polishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3K, a third photo-resisit film is applied on an entire surtace of the device and then patterned t< 
selectively form a third photo-resist pattem 17. A third fluoro-containing silicon oxide film 16A with a thickness of 0. 
micrometers is grown on the tiiird fluoro-containing silicon oxide film by using the third photo-resist pattem 17 as a 
mask. The growth of the fluoro-containing silicon oxide film 16A is achieved by a liquid phase growth which uses a 
super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight. The reactions of hydrosilicofluoric acid with 
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aluminum re expressed by the foregoing formulae (1 ) and (2).The reactions of hydrosillcofluoric acid with aluminur 
which are expressed by the above formulae (1) and (2), are caused by adding aluminum into the hydrosillcofluoric 
acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby resulting in an extraction 
fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide film 16A, which has Si-F bonding, is 
deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the hydrosilicofluoric acid solution i 
maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solut 
is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 3L, the third photo-resist pattern 17, having apertures within which the fluoro-containing silico 
oxide film 12 is formed, is removed by a peeling liquid so that third interconnection grooves 18A are formed in the 
fluoro-containing silicon oxide film 16A. 

As illustrated in FIG. 3M, a titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of 
device by a sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the 
titanium film 6-3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers i 
formed on the titanium nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhyc 
AIH(CH3)2 is vaporized by a hubbling method with a cannier gas of hydrogen at a temperature of 30 DEG C and th 
introduced Into a reaction chamber. The flow rate of hydrogen gas used in the hubbling method is controlled at 25( 
seem. The pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintain 
at 250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3N, the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the 
titanium film 6-3 only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, 6 
of which comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the 
second interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a PH value c 
2.5 where silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A 
rotational speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also 
maintained at 50 times/min. The polishing agent Is added at a rate of 75 cc/min. The polishing rate Is approximate! 
0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
interconnection layers are leveled. A sample is fomried by use of the above teclmique, wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.3 OMEGA . The yield is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-sllicofluoric acid solution so that the first 
interconnections are free from any conrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
conductive film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluo 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the Inter-layer Insulator to have a level surface. 

A second embodiment according to the present invention will be described with reference to FIGS. 4A-4J, wherein 
novel method for fomning multilevel interconnections in a semiconductor device Is provided. 

As illustrated in FIG. 4A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micromet€ 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to form a photo-resist pattem 3A on the 
insulating film 2. 

As illustrated In FIG. 4B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of at)out 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following fonmulae. <CHR NUM="(ir>H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2r>AI<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2). is caused by adding 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is brok« 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
which has Si-F bonding, is deposited on the silicon oxide film 2.During the deposition of the fluoro-containing silico 
oxide film 4A. the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility i 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
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containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 4C, only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are fonned. 

As illustrated in FIG. 4D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with : 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. Alh 
aluminum film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapo 
deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of 
hydrogen at a temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gs 
used in the bubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 
The temperature of the substrate is maintained at 250 DEG C, The deposition rate of aluminum is approximately 0 
micrometers/min, 

As illustrated in FIG. 4E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whii 
comprises the aluminum film 8-1, the titanium nitride film 7-1 and the fitanium film 6-1, are formed in the first 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a PH value of 2.5 wl 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/mln. 

As illustrated in FIG. 4F, a silicon oxide base film 10 with a thickness of approximately 100 nanometers is formed c 
an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film is applied on an 
entire surface of the silicon oxide base film 10 and then patterned to form a second photo-resist pattern 1 1A which 
positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 4G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers is gro 

on the silicon oxide base film 10 by using the second photo-resist pattern 1 1A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosiiicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersinc 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the 
hand term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containin; 
silicon oxide film 1 1, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers.The 
second photo-resist pattern 11 A, having apertures within which the fluoro-containing silicon oxide film 12 is fomnec 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 4H, the silicon oxide base film 10 under the openings 14 is selectively removed by a reactive 
etching which uses CF4 gas to form via holes 15A over the titanium films 8-1 within the first interconnection groove 
I 5A. The reactive dry etching is carried out by using a parallel plate type apparatus usable for batch treatments. Thi 

flow rate of CF4 gas is maintained at 100 seem. The pressure of the reaction chamber is set at 10 Pa. The substra 
temperature is maintained at 20 DEG C. A power of 1kW with a frequency of 13.56MHz is applied. The etching rat 
approximately 40 nanometers/min. is obtained. By the etch back process, the thickness of the fluoro-containing sili 
oxide film 12 is reduced to approximately 0.65 micrometers. The fluoro-containing silicon oxide film 12 and the silic 
oxide base film 10 constitute a third Insulator 13B. 

As illustrated in FIG. 41, a tungsten film 19 with a thickness of approximately 0.8 micrometers is selectively fomied 
within the via holes 51 A by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are used. The 
respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate temperature is 
maintained at 270 DEG C. The pressure of the reaction chamber is set at 4Pa. The deposition rate is 0.6 

micrometers/min. 

As illustrated in FIG. 4J, a third photo-resisit film is applied on an entire surface of the device and then patterned tc 
selectively fomri a third photo-resist pattern, which is not illustrated and covers the tungsten film 19. A third fiuoro- 
containing silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third fluoro-containing silicon 
oxide film by using the third photo-resist pattern as a mask. The growth of the fluoro-containing silicon oxide film K 
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is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluoric acid solution, wherein the 
hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing and dissolving an alumin 
piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by welght.Th 
reactions of hydrosilicofluoric acid with aluminum re expressed by the foregoing fomriulae (1) and (2). The reaction 
hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and (2), are caused by addir 
aluminum Into the hydrosilicofluoric acid solution. The chemical equilibrium expressed In the left hand term is broki 
thereby resulting In an extraction of fluoro-containlng silicon oxide so that the third fluoro-containing silicon oxide fil 
16A, which has Si-F bonding, is deposited.During the deposition of the fluoro-containing silicon oxide film 16A, the 
hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 li 
of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being In the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattern 17, having apertures within which the fluoro-containing silicon oxide fill 
12 Is formed, is removed by a peeling liquid so that third interconnection grooves 18A are formed in the third fluorc 
containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a sputterin 
method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium film 6-3 by a 
sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is formed on the titanii 
nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalmlnumhydrlde AIH(CH3)2 is 
vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then Introduced 
a reaction chamber. The flow rate of hydrogen gas used In the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 1 30 Pa. The temperature of the substrate is maintained at 250 C 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 
only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, each of which 
comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the second 
Interconnection grooves 5A. The polishing is carried out by using an add polishing agent with a pH value of 2.5 wl- 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad Is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min. The polishing rate is approximately 0.4 
micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
Interconnection layers are leveled. A sample is fonmed by use of the above technique, wherein ten thousand via h( 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.8 OMEGA . The yield Is over 93%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the first 
interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
tungsten film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluoric 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. 

A third embodiment according to the present Invention will be described with reference to FIGS. 5A-5K. wherein a 
novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated In FIG. 5A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micromet€ 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to form a photo-resist pattem 3A on the 

insulating film 2. 

As illustrated in FIG. 5B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of atx)ut 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following fonmulae. <CHR NUM="(ir>H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2r>AI<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), is caused by adding 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
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which has Si-F bonding, is deposited on the silicon oxide film 2.During the deposition of the fluoro-containing silico 
oxide film 4A, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility i 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 5C, only the first photo-resist pattem 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are formed. 

As illustrated in FIG. 5D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate Is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with ; 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. An alumii 
film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapor depositio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a hubbling method with a carrier gas of hydrogen at s 
temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gas used in the 
hubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 
temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 5E, the aluminum film 8-1. the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whi( 
comprises the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1, are formed in the first 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 wl- 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated In FIG. 5F, a second photo-resisit film is applied on an entire surface of the silicon oxide base film 10 
and then patterned to form a second photo-resist pattern 1 1 A which positioned over the aluminum film 8-1 within tl 
first interconnection grooves. 

As illustrated in FIG. 5G. a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers is gro 
on the silicon oxide base film 10 by using the second photo-resist pattern 1 1 A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the 
hand term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containini 
silicon oxide film 1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers.The 
second photo-resist pattem 1 1A, having apertures within which the fluoro-containing silicon oxide film 12 is formed 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 5H, a silicon oxide film 13C with a thickness of 0.8 micrometers is formed on an entire surface 
the device by a plasma chemical vapor phase growth. Via holes 15B are formed in the silicon oxide film 13C by a 
photo-lithography and a subsequent selective reactive ion-etching which uses a CHF3 gas. 

As illustrated in FIG. 51. a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire surface of t 
device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is deposited on the 
titanium film 6-2 by a sputtering method. A tungsten film 19A with a thickness of approximately 0.7 micrometers is 
fomied on the titanium nitride film 7-2 by a thenmal chemical vapor phase deposition. WF6 gas and H2 gas are use 
The flow rates of WF6 gas and H2 gas are respectively controlled at 100 seem and 1 sIm. The pressure of the reae 
chamber is maintained at 6600 Pa. The temperature of the substrate is maintained at 400 DEG C. The deposition 
of tungsten is approximately 0.3 micrometers/min. 

As illustrated in FIG. 5J, the tungsten film 19-A, the titanium nitride film 7-2 and the titanium film 6-2 are selectively 
removed by a chemical/mechanical polishing to leave the tungsten film 19-A, the titanium nitride film 7-2 and the 
titanium film 6-2 only within the via holes 15B. As a result, the conductive films, each of which comprises the tungs 
film 19-A, the titanium nitride film 7-2 and the titanium film 6-2, are formed in the via holes 15B. The polishing is 
carried out by using an acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of 
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approximately 30 nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 
times/min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent Is added 
rate of 75 cc/min.The polishing rate is approximately 0.3 micrometers/min. 

As illustrated in FIG. 5K, a third photo-resisit film is applied on an entire surface of the device and then patterned t( 
selectively form a third photo-resist pattern 17. A third fluoro-containing silicon oxide film 16A with a thickness of 0. 
micrometers is grown on the third fluoro-containing silicon oxide film by using the third photo-resist pattern 17 as a 
mask. The growth of the fluoro-containing silicon oxide film 16A is achieved by a liquid phase growth which uses a 
super-saturated hydrosllicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by Immersing and dissolving an aluminum piece in an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight. The reactions of hydrosilicofluoric acid with 
aluminum re expressed by the foregoing formulae (1) and (2).The reactions of hydrosilicofluoric acid with aluminur 
which are expressed by the above formulae (1) and (2), are caused by adding aluminum into the hydrosilicofluoric 
acid solution. The chemical equilibrium expressed in the left hand term is broken, thereby resulting in an extraction 
fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide film 16A, which has Si-F bonding, is 
deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the hydrosilicofluoric acid solution i 
maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solut 
Is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
range of 80 nanometers to 100 nanometers. 

The third photo-resist pattern, having apertures within which the fluoro-containing silicon oxide film 12 is formed, is 
removed by a peeling liquid so that third interconnection grooves 18A are formed in the third fluoro-containing silio 
oxide film 16A. A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the devic 
a sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium filn 
3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is formed on thi 
titanium nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhydride A1H(CH3). 
vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced 
a reaction chamber. The flow rate of hydrogen gas used in the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 250 [ 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. The aluminum film 8-3, the titanium nitri 
film 7-3 and the titanium film 6-3 are selectively removed by a chemical/mechanical polishing to leave the aluminur 
film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 only within the third interconnection grooves 18A. As ; 
result, the second interconnections 9-3a, each of which comprises the aluminum film 8-3, the titanium nitride film 7 
and the titanium film 6-3, are formed in the second interconnection grooves 5A.The polishing is carried out by usin 
acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/min. A 
rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added at a rate of 7 
cc/min. The polishing rate is approximately 0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
interconnection layers are leveled. A sample is formed by use of the above technique, wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.7 OMEGA . The yield is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-sllicofluoric acid solution so that the first 
interconnecfions are free from any corrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
conductive film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluo 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. 

A fourth embodiment according to the present invention will be described with reference to FIGS. 6A-5H, wherein « 
novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated In FIG. 6A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micromete 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then pattemed by photo-lithography to form a photo-resist pattern 3A on the 
insulating film 2. 

As illustrated in FIG. 6B, a second insulating film 4A, being made of fiuoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattem 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following formulae. <CHR NUM="(ir>H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 
3H<+> 
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The above matter is disclosed In the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilrcofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), Is caused by adding 
aluminum into the hydrosllicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
which has Si-F bonding, is deposited on the silicon oxide film 2. During the deposition of the fluoro-containing silico 
oxide film 4A, the hydrosllicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility < 
aluminum to 1 liter of hydrosllicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 6C, only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are formed. 

As illustrated in FIG. 6D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with . 
thickness of approximately 100 nanometers Is deposited on the titanium film 6-1 by a sputtering method. An alumir 
film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapor depositio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of hydrogen at s 
temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gas used in the 
bubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 
temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is approximately 0.4 
micrometers/min. 

As illustrated In FIG. 6E. the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whi« 
comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 , are formed in the first 
Interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 wh 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min. The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated In FIG, 6F, a second photo-resisit film, which is not illustrated, is applied on an entire surface of the 
device and then patterned to form a second photo-resist pattern which is not illustrated and positioned over the 
aluminum film 8-1 within the first interconnection grooves. An inter-layer insulator 13C with a thickness of 0.8 
micrometers is fonned by using a plasma chemical vapor deposition method where the second photo-resist patten 
used as a mask. The second photo-resist pattern, having apertures within which the fluoro-containing silicon oxide 
13C is fonned, is removed by a peeling liquid so that via holes 15B are formed in the fluoro-containing silicon oxidi 
film 12. 

As illustrated in FIG. 6G, a tungsten film 19 with a thickness of approximately 0.8 micrometers is selectively formec 
within the via holes 51 B by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are used. The 
respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate temperature is 
maintained at 270 DEG G. The pressure of the reaction chamber is set at 4Pa. The deposition rate is 0.6 
micrometers/min. 

As illustrated in FIG. 6H, a third photo-resisit film is applied on an entire surface of the device and then patterned ti 
selectively form a third photo-resist pattern, which is not illustrated and covers the tungsten film 19. A third fluoro- 
containing silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third fluoro-containing silicon 
oxide film by using the third photo-resist pattem as a mask. The growth of the fluoro-containing silicon oxide film 1( 
is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluorie acid solution, wherein the 
hydrosllicofluoric acid in the solution is maintained in super-saturated state by immersing and dissolving an alumin 
piece in an aqueous solution which includes a hydrosilicofluorie acid at a concentration of about 40% by weightTh 
reactions of hydrosilicofluorie add with aluminum re expressed by the foregoing formulae (1) and (2). The reaction 
hydrosllicofluoric acid with aluminum, which are expressed by the above formulae (1) and (2), are caused by addir 
aluminum into the hydrosilicofluorie acid solution. The chemical equilibrium expressed in the left hand temri is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide fil 
16A. which has Si-F bonding, is deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the 
hydrosilicofluorie acid solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 li 
of hydrosilicofluorie acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattem, having apertures within which the fluoro-containing silicon oxide film 1 
formed, is removed by a peeling liquid so that third interconnection grooves 18A are fonned in the third fluoro- 
containing silicon oxide film 16A. 
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A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a sputterin 
method. A titanium nitride film 7-3 with a thickness of 100 nanometers Is deposited on the titanium film 6-3 by a 
sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers Is formed on the titanh 
nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhydrlde AIH(CH3)2 is 
vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced 
a reaction chamber. The flow rate of hydrogen gas used In the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 250 [ 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 
only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, each of which 
comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed In the second 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 w^ 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad Is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent Is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

The two level Interconnection structure Is fabricated. The surface of the Inter-layer Insulator between the two level 
Interconnection layers are leveled. A sample is fomned by use of the above technique, wherein ten thousand via h( 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.8 OMEGA . The yield is over 93%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device Is exposed to the super-saturated hydro-sillcofluoric acid solution so that the first 
Interconnections are free from any corrosion caused by the super-saturated hydro-silicofiuoric acid solution. The 
tungsten film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofiuoric 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. The inter-layer insulator is 
fomied without any liquid phase growth, thereby the process for forming the inter-layer insulator is relatively simple 

The above novel method for forming the multilevel interconnections is applicable to three or more level 

interconnections. In place of the chemical/mechanical polishing method, an etch back process by a reactive ion- 
etching which uses a fluorine compound and/or a chlorine compound is also available. The silicon oxide film may 
contain at least one of phosphorus, boron and germanium. Such film may be formed by either a sputtering method 
a chemical vapor deposifion method. The interconnecfions may be made of a conductive material which Includes c 
least one of titanium nitride, tungsten, molybdenum, gold, silver, copper, silicon, aluminum, fitanlum, titanium- 
containing silicon. Such conductive film may be formed by a chemical vapor deposition method or a sputtering 
method. 

The super-saturated hydrosilicofluoric acid solution may be prepared by heating a hydrosilicofluoric solution. The 
super-saturated hydro-sillcofluoric acid solution may also be prepared by dissolving aluminum into a hydrosllicoflut 
solution. The super-saturated hydro-sllicofluoric acid solution may be prepared by adding either a boric acid solutic 
or water into a hydrosilicofluoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-containing silicon 
oxide film without using a reactive ion-etching process. This means that the interconnection grooves are free from 
variation in its size due to any variation in the size of a photo-resisit pattern. 

When the inter-layer insulator is formed, the first interconnections which underiying the inter-layer insulator are not 
exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are free from any 

corrosion. 

When the second fluoro-containing silicon oxide film which overiays the inter-layer insulator is formed, the conduct 
films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro-silicofluoric acid solu* 
so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerization. 

Whereas modifications of the present invention will no doubt be apparent to a person having ordinary skill in the ar 
which the invention pertains, it is to be understood that embodiments as shown and described by way of illustratioi 
are by no means intended to be considered in a limiting sense. Accordingly, it is to be intended to cover by claims 
modifications which fall within the spirit and scope of the present invention. 
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Method for forming multilevel interconnections in semiconductor device 

Description of correspondent: EP0724292 



The present invention relates to a method for forming multilevel interconnections in a semiconductor device. 

In order to increase the density of integration of the semiconductor device, scaling down of the interconnections ar 
increase in the number of levels thereof are necessary. Surface planarization of an inter-layer insulator is essential 
obtain the scaling down of the interconnections. The accuracy of the scale of the interconnections formed on the ir 
layer insulator largely depends upon the degree of the surface planarization of the inter-layer insulator. The increaj 
in the number of the interconnection level enlarges a difference in level, or a height of the step, of the upper 
interconnection. If the difference in level of the upper interconnection is beyond the depth of focus in the photo- 
lithography, then the scale of the interconnection is different between the upper and lower parts bounded by the 
step.ln order to improve the accuracy of the size of the interconnections, it is essential to reduce the step as much 
possible. 

In the prior art, the following forming process for the inter-layer insulator is often used. A first silicon oxide film is 
deposited by a plasma chemical vapor deposition method. A spin-on-glass film is formed on the first silicon oxide f 
in order to obtain a plagiarized surface. A second silicon oxide film is deposited on the spin-on-glass film by the 
plasma chemical vapor deposition method. The planarization method using an SOG film is effective to plagiarize a 
portion at which many narrow interconnections are concentrated. In this case, the SOG film is formed as thin over 
narrow interconnections and is formed as thick over wide interconnections. As a result, it is difficult to completely 
plagiarize an entire surface of a chip, thereby causing the variation In size of interconnections formed on the inter- 
layer insulator.This means that It is difficult to form fine interconnections. 

The requirement for completely plagiarizing the inter-layer insulator has been on the increase. In order to facilitate 
planarization, it is effective to provide a silicon oxide film with grooves which receive interconnections being made 
tungsten. This teclmique is disclosed in VLSI Multilevel Interconnection Conference Proceedings, June 1992 pp. 2 
28. The tungsten film is immersed in a contact portion of 64 Mbit DRAM. A first interconnection layer comprises a 
tungsten film which is immersed in an Interconnection groove of the silicon oxide film. A second interconnection la> 
comprises a lamination structure of an aluminum film and a tungsten film. Detail descriptions of the above teclmiqi 
will be described below with reference to FIGS. 1A-1H. 

As illustrated in FIG. 1A, a first insulating film 2, which is made of silicon oxide, is formed on a silicon substrate 1. > 
second insulating film 3, which is made of silicon oxide film, is formed on the first insulating film 2. 

As illustrated in FIG. 1B, a photo-resist film 27 is applied on the second insulating film 4 and then patterned to fornr 
photoresist pattem 27. 

As Illustrated In FIG. 1C, the second Insulating film is subjected to a reactive ion etching using fluorine gas to form 
interconnection grooves 5 In the second insulating film 4. 

As illustrated in FIG. 1D, a titanium film 6-1 is formed by sputtering on the side walls and the bottom of each of the 
interconnection grooves 5 and on the top of the second insulating film 4. A titanium nitride film 7-1 is formed by 
sputtering on the titanium film 6-1 . A tungsten film 8-1 is grown on an entire surface of the titanium nitride film 7-1 I 
chemical vapor phase deposition method using WF6 gas and SiH4 gas wherein SiH4 is reduced. As a result, the fi 
interconnection grooves 5 are filled with the tungsten film 8-1 and the top of the titanium nitride film 7-1 Is complete 
immersed within the tungsten film 8-1. 

As illustrated in FIG. IE, the tungsten film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing so that the tungsten film 8-1, the titanium nitride film 7-1 and the titan 
film 6-1 remain only within the first interconnection grooves 5. As a result, first interconnections 9-1 , which compris 
the titanium film 6-1, the titanium nitride film 7-1 and the tungsten film 8-1. are formed within the first interconnectic 
grooves 5. 

As illustrated in FIG. IF. a second insulating film 13, which is made of silicon oxide. Is formed on the level surface 
the device, wherein the second insulating film 13 acts as an inter-layer insulator. Via holes 15 are selectively forme 
the second Insulating film 13 by a combination of photo-lithography and reactive Ion-etching. The via holes 15 are 
positioned over the remaining tungsten film 8-1 within the first interconnection grooves 5. The top of the first 
interconnections 9-1 are covered by the second insulafing film 13. 

As illustrated in FIG. 1G. a titanium film 6-2 is formed by sputtering on the side walls and the bottom of each of the 
holes 15 and on the top of the second insulating film 13. A titanium nitride film 7-2 is fomied by sputtering on the 
titanium film 6-2. A tungsten film 8-2 Is grown on an entire surface of the titanium nitride film 7-2 by a chemical vap 
phase deposition method using WF6 gas and SiH4 gas. wherein SIH4 Is reduced. As a result, the via holes 15 are 
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filled with the tungsten film 8-2 and the top of the titanium nitride film 7-2 Is completely immersed within the tungstc 
film 8-2. The tungsten film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 are selectively removed by a 
chemicaiymechanical polishing so that the tungsten film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 
remain only within the via holes 15.As a result, the contacts 9-2, which comprises the titanium film 6-2 and the titar 
nitride film 7-2, are formed within the via holes 15. 

As illustrated in FIG. 1H, an insulating film 16, which is made of silicon oxide, is formed on the surface of the devic 
photo-resist film, which is not illustrated, is applied on the insulating film 16 and then patterned to form a photoresi; 
pattern, which Is not illustrated. The insulating film 16 is subjected to a reactive ion etching using fluorine gas to foi 
second interconnection grooves 18 in the insulating film 16. A titanium film 20 is formed by sputtering on the side v 
and the bottom of each of the second interconnection grooves 18 and on the top of the insulating film 18. An 
aluminum film 21 is formed by sputtering on the titanium film 20 within the second interconnection grooves 18. A 
tungsten nitride film 22 is formed on the aluminum film 21 within the interconnection grooves 18. A tungsten film 2^ 
grown on an entire surface of the device by a chemical vapor phase deposition method using WF6 gas and SiH4 c 
wherein SiH4 is reduced. As a result, the second interconnection grooves 18 are completely filled with the tungstei 
film 23. The tungsten film 23 are selectively removed by a chemical/mechanical polishing so that the tungsten film 
the tungsten nitride film 22. the aluminum film 21 and the titanium film 20 remain only within the second 
interconnection grooves 18. As a result, second interconnections are formed within the second interconnection 
grooves 18. Each of the interconnections comprises the tungsten film 23, the tungsten nitride film 22, the aluminun 
film 21 and the titanium film 20. 

The above conventional method for forming the multilevel interconnections has the following disadvantages. As 
described above, the interconnection grooves for receiving the interconnections are formed by subjecting the silicc 
oxide film 4 to the reactive ion-etching. The silicon oxide film 4 overiays the silicon oxide film 2. The silicon oxide fit 
has a not large selective ratio in reactive ion-etching to the silicon oxide film 2. Thus, the etching rate of the silicon 
oxide film 4 is not so larger than the etching ratio of the silicon oxide film 2. For that reason, it -is difficult to precise 
control the etching depth. The reactive ion-etching depends on the pattern due to micro-loading effect. For exampi 
the etching depth is varied by the variation in the width of the interconnection groove.The depth of the interconnect 
groove corresponds to the thickness of the interconnections. When the depth of the interconnection groove has a 
variation, this means that the interconnection thickness also has a variation, thereby resulting in deterioration of th< 
reliability of the interconnections. 

There is another conventional method for fonning multilevel interconnections, which will hereinafter be described \a 
reference to FIGS. 2A-2E. In order to form the multilevel interconnections by both a liquid phase growth of a silicor 
oxide film and a non-electro-plating. This teclmique is the same as disclosed in the Japanese laid-open patent 
application No. 4-290249. The process for forming the multilevel interconnections are as follows. 

As illustrated in FIG. 2A, a silicon oxide film 2 is formed on a silicon substrate 1 . A copper film 24, having a thickne 
of 100 nanometers, is fomned on the silicon oxide film 2 by sputtering. 

As illustrated in FIG. 2B. a photo-resist film is applied on the copper film 24 and then pattered to form a first photo- 
resist pattem 3. The copper film 24 is selectively etched by using the first photo-resist pattern 3 as a mask. A fiuon 
containing silicon oxide film 4 is selectively grown by a liquid phase growth method using the first photo-resist patti 
3 as a mask, so that the fluoro-containing silicon oxide film 4 is formed in apertures defined by the first photo-resis' 
pattern 3. 

As illustrated in FIG. 2C. the first photo-resist pattern 3 is removed. A first copper plating film 25 is selectively form 
by a non-electro-plating method on the copper film 24 in apertures defined by the fluoro-containing silicon oxide filt 



As illustrated in FIG. 2D, a photo-resist film is applied on the copper film 24 and then pattered to form a second ph 
resist pattem 1 1 on a predetermined part of the first copper plating film 25. A fluoro-containing silicon oxide film 13 
selectively grown by a liquid phase growth method using the second photo-resist pattem 1 1 as a mask, so that the 
fluoro-containing silicon oxide film 13A is formed in apertures defined by the second photo-resist pattern 11. 

As illustrated in FIG. 2E. the second photo-resist pattern 1 1 is removed. A second copper plating film 26 is selectiv 
formed by a non-electro-plating method on the first copper plating film 25 in apertures defined by the fluoro-contair 
silicon oxide film 13A. 

The above method for forming the interconnections has the following disadvantages. As described above, the non- 
electro-plating of a metal is used to fill the grooves and the holes with the metal. The metal has to be selected fronr 
limited groups, such as gold, copper and nickel, suitable for the metal plating. It is difficult to fonm the interconnect! 
by use of the sputtering and the chemical vapor deposition. In order to form the silicon oxide film, there has to be u 
an H2SiF6 liquid in which HF is included. Even when a boric acid is added to cause a supersaturation state. HF 
dissociates by extracting silicon oxide. For this reason, it is impossible to use metals, such as aluminum, which are 
soluble to HF. Copper tends to be oxidized. In the plating method using a liquid, the copper surface under the via \ 
tends to be oxidized.The oxidized surface of the copper film acts as an insulator, thereby an electrical connection 
between the first and second interconnections can not be obtained. 
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Accordingly, it is an object of the present invention to provide a novel nfiethod for forming interconnections free fror 
any disadvantages as described above. 

It Is a further object of the present Invention to provide a novel method for forming interconnections, which permits 
variable materials to be used for the interconnections. 

It is a further more object of the present invention to provide a novel method for forming interconnections with a 
unifomi thickness. 

It is a moreover object of the present invention to provide a novel method for forming multilevel interconnection 
structure with a high reliability. 

It is a still further object of the present invention to provide a novel method for forming multilevel interconnections 
which are electrically connected to each other. 

It is yet a further object of the present Invention to provide a novel method for forming multilevel fine interconnectio 
being planariized. 

The above and other objects, features and advantages of the present invention wilt be apparent from the following 
descriptions. 

The present Invention provides a novel method for forming multilevel Interconnections In a semiconductor device, i 
silicon oxide film is formed on a semiconductor substrate. A first photo-resist film pattern is formed on the first silia 
oxide film. The surface of the silicon oxide film covered with the photo-resisit film pattern is exposed to a super- 
saturated hydrosiiicofluoric acid solution to selectively deposit a first fluoro-containing silicon oxide film on the sllicc 
oxide film by use of the first photo-resist film pattern as a mask. The first photo-resist film pattern is removed, there 
resulting in first grooves In the fluoro-contalning silicon oxide film. First interconnections are formed within the first 
grooves. An inter-layer Insulator Is formed on an entire surface of the device and then subjected to a dry etching ai 
photo-lithography to form via holes in the inter-layer insulator. Conductive films are selectively formed In the via ho 
A second photo-resist film pattern is selectively formed to cover the conductive films within the via holes. The entin 
surface of the device covered with the second photo-resisit film pattem is exposed to a super-saturated 
hydrosiiicofluoric acid solution to selectively deposit a second fiuoro-containing silicon oxide film on the Inter-layer 
insulator by use of the second photo-resist film pattem as a mask. The second photo-resist film pattern is removed 
thereby resulting in second grooves in the second fiuoro-containing silicon oxide film. Second Interconnections are 
formed within the second grooves. 

As modifications, the following process for forming the inter-layer Insulator is available. A silicon oxide base film is 
deposited on an entire surface of the device. A second photo-resisit film pattern Is selectively formed on the silicon 
oxide base film to overiay only the first interconnections. The entire surface of the device, covered with the second 
photo-resisit film pattem, Is exposed to a super-saturated hydrosiiicofluoric acid solution to selectively deposit a flu 
containing silicon oxide Inter-layer Insulator film on the inter-layer insulator by use of the second photo-resist film 
pattem as a mask. The second photo-resist film pattern is removed, thereby resulting In apertures in the fluoro- 
contalning silicon oxide inter-layer insulator film.The silicon oxide base film shown through the apertures is remove 
by the reactive ion-etching so as to fomri via holes in the fiuoro-containing silicon oxide Inter-layer insulator film. A 
selective chemical vapor deposition method is available to selectively form metal films such as tungsten films withi 
the via holes. The following processes are also available for forming metal films such as tungsten films within the v 
holes. A metal film is deposited on an entire surface of the device and then subjected to either a dry etching or a 
chemical/mechanical polishing to have the metal film partially remain in the via holes. 

As further modifications, the silicon oxide film may contain at least one of phosphorus, boron and germanium. Sue! 
film may be formed by either a sputtering method or a chemical vapor deposition method. The interconnections rrn 
be made of a conductive material which includes at least one of titanium nitride, tungsten, molybdenum, gold, silve 
copper, silicon, aluminum, titanium, titanium-containing silicon. Such conductive film may be formed by a chemical 
vapor deposition method or a sputtering method. 

The super-saturated hydrosiiicofluoric acid solution may be prepared by heating a hydrosiiicofluoric solution. The 
super-saturated hydro-silicofluoric acid solution may also be prepared by dissolving aluminum Into a hydrosilicofluc 
solution. The super-saturated hydro-silicofluoric acid solution may be prepared by adding either a boric acid solutic 
or water into a hydrosiiicofluoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-contalning silicon 
oxide film without using a reactive ion-etching process. This means that the interconnection grooves are free from 
variation in Its size due to any variation in the size of a photo-resisit pattem. 

When the inter-layer insulator is formed, the first interconnections which underiying the Inter-layer Insulator are not 
exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are free from any 
corrosion. 
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When the second fluoro-containing silicon oxide film which overlays the inter-layer insulator is fonmed, the conduct 
films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro-silicofluoric acid soiu* 
so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerizatlon. 

Preferred embodiments of the present invention will be described in detail with reference to the accompanying 
drawings. 

FIGS. 1 A-1H are cross sectional elevation views illustrative of the semiconductor device with multilevel 
interconnections involved in the conventional fabrication method. 

FIGS. 2A-2E are cross sectional elevation views illustrative of the semiconductor device with multilevel 
Interconnections Involved in the other conventional fabrication method. 

FIGS. 3A-3N are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti 
involved in a novel fabrication method in a first embodiment according to the present invention. 

FIGS. 4A-4J are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnectii 
involved in a novel fabrication method in a second embodiment according to the present invention. 

FIGS. 5A-5K are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti 
involved In a novel fabrication method in a third embodiment according to the present invention. 

FIGS. 6A-6H are cross sectional elevation views illustrative of a semiconductor device with multilevel interconnecti 
involved in a novel fabrication method in a fourth embodiment according to the present invention. 

A first embodiment according to the present invention will be described with reference to FIGS. 3A-3N, wherein a 
novel method for forming multilevel interconnections in a semiconductor device Is provided. 

As illustrated in FIG. 3A. a first insulating film 2, being made of silicon oxide and having a thickness of 1 micrometc 
fomfied as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to form a photo-resist pattem 3A on the 

insulating film 2. 

As illustrated in FIG. 3B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosllicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosllicofluoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofluoric acid witii aluminum is expressed by the 
following formulae. <CHR NUM="(1)">H2SiF6 + 2H20 -> 6HF + 1302 <CHR NUM="(2r>AI<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter Is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by tiie above formulae (1) and (2), is caused by adding 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in tiie left hand term is brok* 
tiiereby resulting in an extraction of fluoro-containing silicon oxide so that tiie fluoro-containing silicon oxide film 4/ 
which has Si-F bonding, is deposited on the silicon oxide film 2.During the deposition of tiie fluoro-containing silico 
oxide film 4A, tiie hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so tiiat the solubility < 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour. thereby resulting in a fluoro 
containing silicon oxide film deposition rate being In the range of 80 nanometers to 100 nanometers. 

As illusti-ated in FIG. 3C. only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by tii 
fluoro-containing silicon oxide film 4A are formed. 

As illusti-ated in FIG. 3D, the substrate is inti-oduced into a sputtering apparatus and then a vacuum of 1x10<-5> R 
created. The substirate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitiide film 7-1 with : 
thickness of approximately 100 nanometers is deposited on tiie titanium film 6-1 by a sputtering method. An alumir 
film 8-1 with a tiiickness of 700 nanometers is foniied on the titanium nitiide film 7-1 by a chemical vapor depositio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling metiiod with a carrier gas of hydrogen at s 
temperature of 30 DEG C and then inti-oduced into a reaction chamber.The flow rate of hydrogen gas used In the 
bubbling method Is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 



http://v3.espacenetxom/textdes?DB=EPODOC&roX=CN1131817&F=0&QPN=C 7/14/2006 



esp@cenet description view 



Page 5 of 13 



temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is approximately 0.4 
micrometers/min. 

As illustrated In FIG. 3E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whi( 
comprises the aluminum film 8-1 , the titanium nitride film 7-1 and the titanium film 6-1 , are formed in the first 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a PH value of 2.5 wt 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed In a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 3F, a silicon oxide base film 10 with a thickness of approximately 100 nanometers is formed c 
an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film is applied on an 
entire surface of the silicon oxide base film 10 and then pattemed to fomn a second photo-resist pattem 1 1 A which 
positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 3G, a second fluoro-containing silicon oxide film 12 with a thickness of 0,8 micrometers is gro 
on the silicon oxide base film 10 by using the second photo-resist pattem 1 1 A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed In the 
hand term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containini 
silicon oxide film 1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. The 
second photo-resist pattern 1 1A, having apertures within which the fluoro-containing silicon oxide film 12 is formed 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 3H, the silicon oxide base film 10 under the openings 14 is selectively removed by a reactive 
etching which uses CF4 gas to form via holes 15A over the titanium films 8-1 within the first interconnection groove 
5A. The reactive dry etching is carried out by using a parallel plate type apparatus usable for batch treatments. Th( 
flow rate of CF4 gas is maintained at 100 seem. The pressure of the reaction chamber is set at 10 Pa. The substra 
temperature is maintained at 20 DEG C, A power of IkW with a frequency of 13.56MHz is applied. The etching rat 
approximately 40 nanometers/min. is obtained. By the etch back process, the thickness of the fluoro-containing sill 
oxide film 12 is reduced to approximately 0.65 micrometers. The fluoro-containing silicon oxide film 12 and the silic 
oxide base film 10 constitute a third Insulator 13B. 

As illustrated in FIG. 31, a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire surface of t 
device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is deposited on the 
titanium film 6-2 by a sputtering method. An aluminum film 8-2 with a thickness of approximately 0.7 micrometers i 
formed on the titanium nitride film 7-2 by a thermal chemical vapor phase deposition, wherein dimethylalminumhyc 
AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and th 
introduced into a reaction chamber. The flow rate of hydrogen gas used in the bubbling method is controlled at 25( 
seem. The pressure of the reaction chamber Is maintained at 130 Pa. The temperature of the substrate is maintain 
at 250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3J, the aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-2, the titanium nitride film 7-2 and the 
titanium film 6-2 only within the via holes 15A. As a result, the conductive films, each of which comprises the 
aluminum film 8-2, the titanium nitride film 7-2 and the titanium film 6-2, are formed in the via holes 15A. The polish 
is carried out by using an acid polishing agent with a PH value of 2.5 where silicon oxide particles with a diameter < 
approximately 30 nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 
times/min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
rate of 75 cc/min.The polishing rate Is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3K, a third photo-resisit film is applied on an entire surface of the device and then pattemed t( 
selectively form a third photo-resist pattem 17. A third fluoro-containing silicon oxide film 16A with a thickness of 0. 
micrometers is grown on the third fluoro-containing silicon oxide film by using the third photo-resist pattem 17 as a 
mask. The growth of the fluoro-containing silicon oxide film 16A is achieved by a liquid phase growth which uses a 
super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece In an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight. The reactions of hydrosilicofluoric acid with 
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aluminum re expressed by the foregoing formulae (1) and (2).The reactions of hydrosilicofiuoric acid with aluminur 
which are expressed by the above fomiulae (1) and (2), are caused by adding aluminum into the hydrosilicofiuoric 
acid solution. The chemical equilibrium expressed In the left hand term is broken, thereby resulting in an extraction 
fluoro-containing silicon oxide so that the third fluoro-contalning silicon oxide film 16A, which has Si-F bonding, Is 
deposited. During the deposition of the fluoro-contalning silicon oxide film 16A, the hydrosilicofiuoric acid solution I 
maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofiuoric acid solut 
is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide film deposition rate being in 
range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 3L, the third photo-resist pattern 17, having apertures within which the fluoro-contalning sllico 
oxide film 12 is formed, is removed by a peeling liquid so that third interconnection grooves ISA are formed in the 
fluoro-containing silicon oxide film 16A. 

As Illustrated in FIG. 3M, a titanium film 6-3 with a thickness of 50 nanometers Is deposited on an entire surface of 
device by a sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the 
titanium film 6-3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers i 
formed on the titanium nitride film 7-3 by a thenmal chemical vapor phase deposition, wherein dimethylalminumhyc 
AIH(CH3)2 Is vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and th 
introduced Into a reaction chamber. The flow rate of hydrogen gas used In the bubbling method is controlled at 25( 
seem. The pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintain 
at 250 DEG C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

As illustrated In FIG. 3N, the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the 
titanium film 6-3 only within the third interconnection grooves 18A. As a result, the second interconnecfions 9-3a. 6 
of which comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the 
second interconnection grooves 5A. The polishing Is carried out by using an acid polishing agent with a PH value ( 
2.5 where silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A 
rotational speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also 
maintained at 50 tImes/min. The polishing agent is added at a rate of 75 cc/mln. The polishing rate is approximatel 
0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
interconnection layers are leveled. A sample is fomned by use of the above teclmique. wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.3 OMEGA . The yield Is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-silicofiuoric acid solution so that the first 
interconnections are free from any corrosion caused by the super-saturated hydro-silicofiuoric acid solution. The 
conductive film within the via holes are also firee from any corrosion caused by the super-saturated hydro-silicofiuo 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. 

A second embodiment according to the present invention will be described with reference to FIGS. 4A-4J, wherein 
novel method for forming multilevel interconnections in a semiconductor device is provided. 

As Illustrated in FIG. 4A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micrometc 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to form a photo-resist pattern 3A on the 
insulating film 2. 

As illustrated in FIG. 4B, a second Insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulafing film 2 by using the photo-resist pattem 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A Is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofiuoric acid solution, wherein the hydrosilicofiuoric acid In the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece In an aqueous solution which Includes a hydrosilicofiuoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofiuoric acid with aluminum is expressed by the 
following formulae. <CHR NUM="(ir>H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2r>Al<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876, The reaction of 
hydrosilicofiuoric acid with aluminum, which is expressed by the above formulae (1) and (2), is caused by adding 
aluminum into the hydrosilicofiuoric acid solution. The chemical equilibrium expressed in the left hand term is brok< 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
which has Si-F bonding, is deposited on the silicon oxide film 2.During the deposition of the fluoro-containing silico 
oxide film 4A. the hydrosilicofiuoric acid solution is maintained at a temperature of 35 DEG C so that the solubility i 
aluminum to 1 liter of hydrosilicofiuoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
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containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As illustrated in FIG. 4C, only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are fonned. 

As illustrated in FIG. 4D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with . 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. Alh 
aluminum film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapo 
deposition, wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a earner gas of 
hydrogen at a temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen g£ 
used in the bubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 
The temperature of the substrate is maintained at 250 DEG C, The deposition rate of aluminum is approximately 0 
micrometers/min, 

As illustrated in FIG. 4E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whi< 
comprises the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1, are formed in the first 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a PH value of 2.5 wJ 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 4F, a silicon oxide base film 10 with a thickness of approximately 100 nanometers is formed c 
an entire surface of the device by a plasma chemical vapor deposition. A second photo-resisit film is applied on an 
entire surface of the silicon oxide base film 10 and then patterned to form a second photo-resist pattern 1 1A which 
positioned over the aluminum film 8-1 within the first interconnection grooves. 

As illustrated in FIG. 4G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers is gro 
on the silicon oxide base film 10 by using the second photo-resist pattem 1 1A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersinc 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a eoncentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the 
hand tenri is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-contatnini 
silicon oxide film 1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers.The 
second photo-resist pattern 1 1A, having apertures within which the fluoro-containing silicon oxide film 12 is formed 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 4H, the silicon oxide base film 10 under the openings 14 is selectively removed by a reactive 
etching which uses CF4 gas to form via holes 15A over the titanium films 8-1 within the first interconnection groove 
5A. The reactive dry etching is carried out by using a parallel plate type apparatus usable for batch treatments. Thi 
flow rate of CF4 gas is maintained at 100 seem. The pressure of the reaction chamber is set at 10 Pa. The substra 
temperature is maintained at 20 DEG C. A power of 1kW with a frequency of 13.56MHz is applied. The etching rat 
approximately 40 nanometers/min. is obtained. By the etch back process, the thickness of the fluoro-containing sili 
oxide film 12 is reduced to approximately 0.65 micrometers. The fluoro-containing silicon oxide film 12 and the silic 
oxide base film 10 constitute a third insulator 13B. 

As illustrated in FIG. 41, a tungsten film 19 with a thickness of approximately 0.8 micrometers is selectively formed 
within the via holes 51 A by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are used. The 
respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate temperature is 
maintained at 270 DEG C. The pressure of the reaction chamber is set at 4Pa. The deposition rate is 0.6 

micrometers/min. 

As illustrated in FIG. 4J, a third photo-resisit film is applied on an entire surface of the device and then pattemed tc 
selectively form a third photo-resist pattem, which is not illustrated and covers the tungsten film 19. A third fiuoro- 
containing silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third fluoro^ntaining silicon 
oxide film by using the third photo-resist pattem as a mask. The growth of the fluoro-containing silicon oxide film 1< 
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is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluoric acid solution, wherein the 
hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing and dissolving an alumin 
piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentration of about 40% by weight.Th 
reactions of hydrosilicofluoric acid with aluminum re expressed by the foregoing formulae (1) and (2). The reaction 
hydrosilicofluoric acid with aluminum, which are expressed by the above formulae (1) and (2), are caused by addir 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide fil 
16A, which has Si-F bonding, is deposited.During the deposition of the fluoro-containing silicon oxide film 16A, the 
hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 li 
of hydrosilicofluoric acid solution is set at approximately 0,5 g/hour, thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattern 17, having apertures within which the fluoro-containing silicon oxide fill 
12 is formed, is removed by a peeling liquid so that third interconnection grooves 18A are formed in the third fluorc 
containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a sputterin 
method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium film 6-3 by a 
sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is formed on the titanii 
nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhydride AIH(CH3)2 is 
vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced 
a reaction chamber. The flow rate of hydrogen gas used in the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 1 30 Pa. The temperature of the substrate is maintained at 250 C 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 
only within the third interconnection grooves 18A, As a result, the second interconnections 9-3a, each of which 
comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the second 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 wh 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min. The polishing rate is approximately 0.4 
micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
interconnection layers are leveled. A sample is fornied by use of the above technique, wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.8 OMEGA . The yield is over 93%. 

According to the above method, the silicon oxide base film is fomied to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the first 
interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
tungsten film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluoric 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the Inter-layer insulator to have a level surface. 

A third embodiment according to the present invention will be described with reference to FIGS. 5A-5K, wherein a 
novel method for forming multilevel interconnections in a semiconductor device Is provided. 

As illustrated in FIG. 5A, a first insulating film 2. being made of silicon oxide and having a thickness of 1 micrometc 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then patterned by photo-lithography to form a photo-resist pattern 3A on the 
insulating film 2. 

As illustrated in FIG. 5B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattern 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satun 
hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following formulae. <CHR NUM="(1)">H2SiF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 
3H<+> 

The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above fonnulae (1) and (2), is caused by adding 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is brok< 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
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which has Si-F bonding, is deposited on the silicon oxide film 2.During the deposition of the fluoro-containing silico 
oxide film 4A, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility < 
aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As Illustrated in FIG. 5C, only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are formed. 

As illustrated in FIG. 5D, the substrate is introduced into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate, A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with ; 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. An alumir 
film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapor depositio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of hydrogen at b 
temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gas used in the 
bubbling method Is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 
temperature of the substrate is maintained at 250 DEG C, The deposition rate of aluminum is approximately 0.4 
micro mete rs/min. 

As illustrated in FIG. 5E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whi< 
comprises the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1, are formed in the first 
interconnecfion grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 wh 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

As illustrated in FIG. 5F, a second photo-resisit film is applied on an entire surface of the silicon oxide base film 10 
and then patterned to form a second photo-resist pattern 1 1 A which positioned over the aluminum film 8-1 within tl 
first interconnection grooves. 

As illustrated in FIG. 5G, a second fluoro-containing silicon oxide film 12 with a thickness of 0.8 micrometers is gro 
on the silicon oxide base film 10 by using the second photo-resist pattern 1 1 A as a mask. The growth of the fluoro- 
containing silicon oxide film 12 is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluori 
acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated state by immersing 
and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at a concentratio 
about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the foregoing formulae 
and (2).The reactions of hydrosilicofluoric acid with aluminum, which are expressed by the above fomnulae (1) and 
are caused by adding aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the 
hand term is broken, thereby resulting in an extraction of fluoro-containing silicon oxide so that the second fluoro- 
containing silicon oxide film 12, which has Si-F bonding, is deposited. During the deposition of the fluoro-containinc 
silicon oxide film 1 1 , the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the 
solubility of aluminum to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour, thereby resultin 
a fluoro-containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers.The 
second photo-resist pattern 1 1 A, having apertures within which the fluoro-containing silicon oxide film 12 Is formec 
removed by a peeling liquid so that openings 14 are formed in the fluoro-containing silicon oxide film 12. 

As illustrated In FIG. 5H, a silicon oxide film 13C with a thickness of 0.8 micrometers is formed on an entire surfaa 
the device by a plasma chemical vapor phase growth. Via holes 15B are formed in the silicon oxide film 13C by a 
photo-lithography and a subsequent selective reactive ion-etching which uses a CHF3 gas. 

As illustrated in FIG. 51, a titanium film 6-2 with a thickness of 50 nanometers is deposited on an entire surface of t 
device by a sputtering method. A titanium nitride film 7-2 with a thickness of 100 nanometers is deposited on the 
titanium film 6-2 by a sputtering method. A tungsten film 19A with a thickness of approximately 0.7 micrometers is 
fomfied on the titanium nitride film 7-2 by a themnat chemical vapor phase deposition. WF6 gas and H2 gas are usf 
The flow rates of WF6 gas and H2 gas are respectively controlled at 100 seem and 1 sIm. The pressure of the reac 
chamber is maintained at 6600 Pa. The temperature of the substrate is maintained at 400 DEG C. The deposition 
of tungsten is approximately 0.3 mierometers/min. 

As illustrated in FIG. 5J, the tungsten film 19-A. the titanium nitride film 7-2 and the titanium film 6-2 are selectively 
removed by a chemical/mechanical polishing to leave the tungsten film 19-A. the titanium nitride film 7-2 and the 
titanium film 6-2 only within the via holes 15B. As a result, the conductive films, each of which comprises the tungs 
film 19-A, the titanium nitride film 7-2 and the titanium film 6-2. are formed in the via holes 15B. The polishing is 
earned out by using an acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of 
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approximately 30 nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 
times/min. A rotational speed of a polishing head is also maintained at 50 times/min. The polishing agent is added 
rate of 75 cc/min.The polishing rate is approximately 0.3 micrometers/min. 

As illustrated in FIG. 5K, a third photo-resisit film is applied on an entire surface of the device and then patterned t( 
selectively form a third photo-resist pattern 17. A third fluoro-containing silicon oxide film 16A with a thickness of 0. 
micrometers is grown on the third fluoro-containing silicon oxide film by using the third photo-resist pattern 17 as a 
mask. The growth of the fluoro-containing silicon oxide film 16A Is achieved by a liquid phase growth which uses a 
super-saturated hydrosilicofluoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in 
super-saturated state by immersing and dissolving an aluminum piece in an aqueous solution which includes a 
hydrosilicofluoric acid at a concentration of about 40% by weight. The reactions of hydrosilicofluoric acid with 
aluminum re expressed by the foregoing formulae (1) and (2).The reactions of hydrosilicofluoric acid with aluminur 
which are expressed by the above formulae (1) and (2), are caused by adding aluminum into the hydrosilicofluoric 
acid solution. The chemical equilibrium expressed In the left hand term is broken, thereby resulting in an extraction 
fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide film 16A, which has Si-F bonding, is 
deposited. During the deposition of the fluoro-containing silicon oxide film 16A, the hydrosilicofluoric acid solution i 
maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 liter of hydrosilicofluoric acid solut 
is set at approximately 0.5 g/hour, thereby resulting in a fluoro-containing silicon oxide flim deposition rate being in 
range of 80 nanometers to 100 nanometers. 

The third photo-resist pattern, having apertures within which the fluoro-containing silicon oxide film 12 is formed, is 
removed by a peeling liquid so that third interconnection grooves 18A are formed in the third fluoro-containing silio 
oxide film 16A. A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the devic 
a sputtering method. A titanium nitride film 7-3 with a thickness of 100 nanometers is deposited on the titanium filnr 
3 by a sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers Is formed on ih 
titanium nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhydride AIH(CH3) 
vaporized by a bubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced 
a reaction chamber. The flow rate of hydrogen gas used In the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 250 [ 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. The aluminum film 8-3, the titanium nitri 
film 7-3 and the titanium film 6-3 are selectively removed by a chemical/mechanical polishing to leave the aluminui 
film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 only within the third interconnection grooves 18A. As ; 
result, the second interconnections 9-3a, each of which comprises the aluminum film 8-3, the titanium nitride film 7 
and the titanium film 6-3, are fonmed In the second Interconnection grooves 5A.The polishing is carried out by usin 
acid polishing agent with a pH value of 2.5 where silicon oxide particles with a diameter of approximately 30 
nanometers are dispersed in a pure water. A rotational speed of a polishing pad is maintained at 50 times/min. A 
rotational speed of a polishing head Is also maintained at 50 times/min. The polishing agent is added at a rate of 7 
cc/min. The polishing rate is approximately 0.4 micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
Interconnection layers are leveled. A sample Is formed by use of the above technique, wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.7 OMEGA . The yield is 95%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-sllicofluoric acid solution so that the first 
interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
conductive film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluo 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. 

A fourth embodiment according to the present invention will be described with reference to FIGS. 6A-5H, wherein : 
novel method for forming multilevel interconnections in a semiconductor device is provided. 

As illustrated in FIG. 6A, a first insulating film 2, being made of silicon oxide and having a thickness of 1 micromete 
formed as a first insulator on a silicon substrate 1 by a plasma chemical vapor deposition method. A photo-resist is 
applied on the silicon oxide film 2 and then pattenned by photo-lithography to fonn a photo-resist pattem 3A on the 
insulating film 2. 

As illustrated In FIG. 6B, a second insulating film 4A, being made of fluoro-containing silicon oxide and having a 
thickness of 0.8 micrometers, is grown on the first insulating film 2 by using the photo-resist pattem 3A as a mask, 
growth of the fluoro-containing silicon oxide film 4A is achieved by a liquid phase growth which uses a super-satur; 
hydrosilicofiuoric acid solution, wherein the hydrosilicofluoric acid in the solution is maintained in super-saturated s 
by immersing and dissolving an aluminum piece in an aqueous solution which includes a hydrosilicofluoric acid at : 
concentration of about 40% by weight. The reaction of hydrosilicofluoric acid with aluminum is expressed by the 
following formulae. <CHR NUM="(1)">H2SIF6 + 2H20 -> 6HF + IS02 <CHR NUM="(2)">AI<3+> + 3HF -> AIF3 + 
3H<+> 
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The above matter is disclosed in the Japanese laid-open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is expressed by the above formulae (1) and (2), Is caused by adding 
aluminum Into the hydrosilicofluoric acid solution. The chemical equilibrium expressed In the left hand term is brok) 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the fluoro-containing silicon oxide film 4/ 
which has Sl-F bonding, Is deposited on the silicon oxide film 2. During the deposition of the fluoro-containing sllico 
oxide film 4A, the hydrosilicofluoric acid solution Is maintained at a temperature of 35 DEC C so that the solubility i 
aluminum to 1 liter of hydrosilicofluoric add solution Is set at approximately 0.5 g/hour, thereby resulting in a fluoro 
containing silicon oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

As Illustrated in FIG. 6C, only the first photo-resist pattern 3A having apertures, within which the fluoro-containing 
silicon oxide film 4A is formed, Is removed by a peeling liquid so that first interconnection grooves 5A defined by th 
fluoro-containing silicon oxide film 4A are formed. 

As Illustrated In FIG. 6D, the substrate is introduced Into a sputtering apparatus and then a vacuum of 1 x 10<-5> I 
is created. The substrate is subjected to an etching using an argon gas with a pressure of 0.7 Pa to remove a 
spontaneous oxide film from the surface of the substrate. A titanium film 6-1 with a thickness of approximately 50 
nanometers is deposited on an entire surface of the device by a sputtering method. A titanium nitride film 7-1 with ; 
thickness of approximately 100 nanometers is deposited on the titanium film 6-1 by a sputtering method. An alumii 
film 8-1 with a thickness of 700 nanometers is formed on the titanium nitride film 7-1 by a chemical vapor deposltio 
wherein dimethylalminumhydride AIH(CH3)2 is vaporized by a bubbling method with a carrier gas of hydrogen at 8 
temperature of 30 DEG C and then introduced into a reaction chamber.The flow rate of hydrogen gas used in the 
bubbling method is controlled at 250 seem. The pressure of the reaction chamber is maintained at 130 Pa. The 
temperature of the substrate is maintained at 250 DEG C. The deposition rate of aluminum is approximately 0.4 
micrometers/min. 

As Illustrated in FIG. 6E, the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1 are selectively 
removed by a chemical/mechanical polishing to leave the aluminum film 8-1, the titanium nitride film 7-1 and the 
titanium film 6-1 only within the first interconnection grooves 5A. As a result, the first interconnections, each of whii 
comprises the aluminum film 8-1, the titanium nitride film 7-1 and the titanium film 6-1, are formed in the first 
Interconnection grooves 5A. The polishing Is carried out by using an acid polishing agent with a pH value of 2.5 wh 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min. The polishing rate is approximately 0.4 
micrometers/min. 

As Illustrated in FIG. 6F, a second photo-resisit film, which is not illustrated, is applied on an entire surface of the 
device and then pattemed to form a second photo-resist pattern which is not illustrated and positioned over the 
aluminum film 8-1 within the first interconnection grooves. An Inter-layer Insulator 130 with a thickness of 0.8 
micrometers Is fonned by using a plasma chemical vapor deposition method where the second photo-resist patterr 
used as a mask. The second photo-resist pattern, having apertures within which the fluoro-containing silicon oxide 
13C is formed, is removed by a peeling liquid so that via holes 15B are formed in the fluoro-containing silicon oxide 
film 12. 

As illustrated in FIG. 6G, a tungsten film 19 with a thickness of approximately 0.8 micrometers is selectively forme< 
within the via holes 51 B by a heat chemical vapor phase growth, in which WF6 gas and SiH4 gas are used. The 
respective flow rates of WF6 gas and SiH4 gas are set at 20 seem and 12 seem. The substrate temperature is 
maintained at 270 DEG C. The pressure of the reaction chamber is set at 4Pa. The deposition rate is 0.6 
micrometers/min. 

As illustrated in FIG. 6H, a third photo-resisit film is applied on an entire surface of the device and then pattemed ti 
selectively form a third photo-resist pattem, which is not Illustrated and covers the tungsten film 19. A third fluoro- 
contalnlng silicon oxide film 16A with a thickness of 0.8 micrometers is grown on the third fluoro-containing silicon 
oxide film by using the third photo-resist pattern as a mask. The growth of the fluoro-containing silicon oxide film M 
is achieved by a liquid phase growth which uses a super-saturated hydrosilicofluoric acid solution, wherein the 
hydrosilicofluoric acid In the solution is maintained in super-saturated state by Immersing and dissolving an alumin 
piece In an aqueous solution which Includes a hydrosilicofluoric acid at a concentration of about 40% by welght.Th 
reactions of hydrosilicofluoric acid with aluminum re expressed by the foregoing fomiulae (1) and (2). The reaction 
hydrosilicofluoric acid with aluminum, which are expressed by the above fomiulae (1) and (2), are caused by addir 
aluminum into the hydrosilicofluoric acid solution. The chemical equilibrium expressed in the left hand term is broki 
thereby resulting in an extraction of fluoro-containing silicon oxide so that the third fluoro-containing silicon oxide fil 
16A. which has Si-F bonding, is deposited.During the deposition of the fluoro-containing silicon oxide film 16A, the 
hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of aluminum to 1 li 
of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour. thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being in the range of 80 nanometers to 100 nanometers. 

Subsequently, the third photo-resist pattem. having apertures within which the fluoro-containing silicon oxide film 1 
formed, is removed by a peeling liquid so that third interconnection grooves 18A are fonned in the third fluoro- 
containing silicon oxide film 16A. 
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A titanium film 6-3 with a thickness of 50 nanometers is deposited on an entire surface of the device by a sputterin 
method. A titanium nitride film 7-3 with a thicl^ness of 100 nanometers is deposited on the titanium film 6-3 by a 
sputtering method. An aluminum film 8-3 with a thickness of approximately 0.7 micrometers is formed on the titanii 
nitride film 7-3 by a thermal chemical vapor phase deposition, wherein dimethylalminumhydride AIH(CH3)2 is 
vaporized by a hubbling method with a carrier gas of hydrogen at a temperature of 30 DEG C and then introduced 
a reaction chamber. The flow rate of hydrogen gas used in the hubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 Pa. The temperature of the substrate is maintained at 250 [ 
C. The deposition rate of aluminum is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3 
only within the third interconnection grooves 18A. As a result, the second interconnections 9-3a, each of which 
comprises the aluminum film 8-3, the titanium nitride film 7-3 and the titanium film 6-3, are formed in the second 
interconnection grooves 5A. The polishing is carried out by using an acid polishing agent with a pH value of 2.5 wl* 
silicon oxide particles with a diameter of approximately 30 nanometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. A rotational speed of a polishing head is also maintained a 
times/min. The polishing agent is added at a rate of 75 cc/min.The polishing rate is approximately 0.4 
micrometers/min. 

The two level interconnection structure is fabricated. The surface of the inter-layer insulator between the two level 
interconnection layers are leveled. A sample is fomried by use of the above technique, wherein ten thousand via he 
are connected in series to each other. A diameter of the via holes is 0.6 micrometers. Each via hole has a resistan 
of approximately 0.8 OMEGA . The yield is over 93%. 

According to the above method, the silicon oxide base film is formed to cover the first interconnections before the 
surface of the device is exposed to the super-saturated hydro-silicofluoric acid solution so that the first 
interconnections are free from any corrosion caused by the super-saturated hydro-silicofluoric acid solution. The 
tungsten film within the via holes are also free from any corrosion caused by the super-saturated hydro-silicofluoric 
acid solution as being covered with the photo-resist film. The combination of the chemical/mechanical polishing an 
subsequent liquid phase growth allows the inter-layer insulator to have a level surface. The inter-layer insulator is 
formed without any liquid phase growth, thereby the process for forming the inter-layer insulator is relatively simple 

The above novel method for forming the multilevel interconnections is applicable to three or more level 

interconnections. In place of the chemical/mechanical polishing method, an etch back process by a reactive ion- 
etching which uses a fluorine compound and/or a chlorine compound is also available. The silicon oxide film may 
contain at least one of phosphorus, boron and germanium. Such film may be formed by either a sputtering method 
a chemical vapor deposition method. The interconnections may be made of a conductive material which includes £ 
least one of titanium nitride, tungsten, molybdenum, gold, silver, copper, silicon, aluminum, titanium, titanium- 
containing silicon. Such conductive film may be formed by a chemical vapor deposition method or a sputtering 
method. 

The super-saturated hydrosilicofluoric acid solution may be prepared by heating a hydrosilicofluoric solution. The 
super-saturated hydro-silicofluoric acid solution may also be prepared by dissolving aluminum into a hydrosilicoflu( 
solution. The super-saturated hydro-silicofluoric acid solution may be prepared by adding either a boric acid solutic 
or water into a hydrosilicofluoric solution. 

As described above, the interconnection grooves are formed by a selective growth of the fluoro-containing silicon 
oxide film without using a reactive ion-etching process. This means that the interconnection grooves are free from 
variation in its size due to any variation in the size of a photo-resisit pattern. 

When the inter-layer insulator is fonrned, the first interconnections which underlying the inter-layer insulator are not 
exposed to the super-saturated hydro-silicofluoric acid solution so that the first interconnections are free from any 

corrosion. 

When the second fluoro-containing silicon oxide film which overlays the inter-layer insulator is formed, the conduct 
films in the via holes of the inter-layer insulator are not exposed to the super-saturated hydro-silicofluoric acid solu* 
so that the conductive films are free from any corrosion. 

The groves and the via holes are filled with the conductive material to obtain level surfaces for facilitating the 
planerization. 

Whereas modifications of the present invention will no doubt be apparent to a person having ordinary skill in the ar 
which the invention pertains, it is to be understood that embodiments as shown and described by way of illustratioi 
are by no means intended to be considered in a limiting sense. Accordingly, it is to be intended to cover by claims 
modifications which fall within the spirit and scope of the present invention. 
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Method for forming multilevel interconnections in semiconductor device 

Claims of correspondent: EP0724292 



1 . A method for forming a multilevel Interconnections in a semiconductor device, comprising the steps of: 

fonr^ing a silicon oxide film (2) on a semiconductor substrate (1) ; 

forming a first photo-resist film pattern (3, 3A) on the first silicon oxide film (2) ; 

exposing the surface of the silicon oxide film (2) covered with the photo-resisit film pattern (3, 3A) to a super-satur? 
hydrosilicofluoric acid solution to selectively deposit a first fluoro-contalning silicon oxide film (4A) on the silicon oxi 
film (2) by use of the first photo-resist film pattern (3, 3A) as a mask ; 

removing the first photo-resist film pattern (3, 3A) to form first grooves (5, 5A) in the fluoro-containing silicon oxide 
(4A): 

selectively forming first interconnections (9-la) within the first grooves (5, 5A) ; 
forming an inter-layer insulator (12) on the entire surface of the device ; 

subjecting the inter-layer insulator (12) to a dry etching and a subsequent photo-lithography to fomn via holes (15A 
in the inter-layer insulator (12) ; 

selectively forming conductive films (19) in the via holes (15A, B) ; 

selectively forming a second photo-resist film pattern (1 1 , 1 1 A) which covers the conductive films (19) within the vi 
holes (15A, B); 

exposing the entire surface of the device covered with the second photo-resisit film pattern (1 1 , 1 1 A) to a super- 
saturated hydrosilicofluoric acid solution to thereby selectively deposit a second fluoro-containing silicon oxide film 
the inter-layer insulator (12) by use of the second photo-resist film pattern (1 1 , 1 1 A) as a mask ; 
removing the second photo-resist film pattern (11,1 1A) to fonn second grooves (18, 18A) in the second fluoro- 
containing silicon oxide film ; and 

selectively forming second interconnections (9-3a) within the second grooves (18, 18A). 



2. The method as claimed in claim 1 , characterized in that during the formation of the fluoro-containing silicon oxid 
film, the hydrosilicofluoric acid solution is maintained at a temperature of 35 DEG C so that the solubility of alumini 
to 1 liter of hydrosilicofluoric acid solution is set at approximately 0.5 g/hour. 

S.The method as claimed in claim 1 , characterized in that the step for forming each of the first and second 
interconnections comprises the following steps of: 

forming a titanium film (6-1, 6-2, 6-3) on the entire surface of the device by sputtering ; 

fomning a titanium nitride film (7-1 , 7-2. 7-3) on the titanium film (6-1 , 6-2, 6-3) by sputtering ; 

forming an aluminum film (8-1, 8-2, 8-3) on the titanium nitride film (7-1, 7-2, 7-3) by a thermal chemical vapor pha 

deposition which is carried out by the following steps of: 

vaporizing dimethylalminumhydride AIH(CH3)2 by a hubbling method with a carrier gas of hydrogen at a temperati 

of 30 DEG C ; and 

introducing the vaporized dimethylalminumhydride AIH(CH3)2 into a reacfion chamber, where the flow rate of 
hydrogen gas is controlled at 250 seem, the temperature of the substrate is maintained at 250 DEG C and the 
pressure of the reaction chamber is 130Pa. 



4. The method as claimed in claim 1, further comprising the step of: 

fonning a base film mainly containing silicon oxide on the entire surface of the device prior to the formation of the 
second photo-resist film. 



5.The method as claimed in claim 1, characterized in that the step for fonming the conductive films (19) comprises 
following steps of: 

forming a titanium film (6-1 , 6-2. 6-3) on the entire surface of the device by sputtering ; 

fonning a titanium nitride film (7-1, 7-2, 7-3) on the titanium film (6-1. 6-2. 6-3) by sputtering ; 

fonning an aluminum film (8-1 , 8-2, 8-3) on the titanium nitride film (7-1 , 7-2. 7-3) by a themnal chemical vapor pha 

deposition which is carried out by the following steps of: 

vaporizing dimethylalminumhydride AIH(CH3)2 by a hubbling method with a canier gas of hydrogen at a temperati 
of 30 DEG C ; and 

introducing the vaporized dimethylalminumhydride AIH(CH3)2 into a reaction chamber, where the flow rate of 
hydrogen gas is controlled at 250 seem, the temperature of the substrate is maintained at 250 DEG C and the 
pressure of the reaction chamber is ISOPa. 
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(54) IVIethod for forming multilevel interconnections in a semiconductor device 



(57) The present invention provides a novel method 
for forming multilevel interconnections in a semiconduc* 
tor device. A silicon oxide film (2) is formed on a semi- 
conductor substrate (1 ). A first photo-resist film pattern 
(3. 3A) is formed on the first silicon oxide film (2). The 
surface of the silicon oxide film (2) covered with the pho- 
to-resisit film pattern (3. 3A) is exposed to a super-sat- 
urated hydrosHlcofluoric acid solution to selectively de- 
posit a first fluoro-containing silicon oxide film (4A) on 
the silicon oxide film (2) by use of the first photo-resist 
film pattern (3, 3 A) as a mask. The first photo-resist film 
pattern (3, 3A) is removed, thereby resulting in first 
grooves (5, 5A) in the fluoro-containing silicon oxide film 
(4A). First Interconnections (9-1 a) are formed within the 
first grooves (5, 5A). An Inter-layer insulator (12) is 
formed on an entire surface of the device and then sub- 



jected to a dry etching and a photo-lithography to form 
via holes (ISA, B) In the Inter-layer Insulator (12). Con- 
ductive films (1 9) are selectively formed in the via holes 
(1 5A, B). A second photo-resist film pattern (11 , 11 A) is 
selectively formed to cover the conductive films (19) 
within the via holes (ISA, 8). The entire surface of the 
device covered with the second photo-resisit film pattern 
(11, 11 A) is exposed to a super-saturated hydrosili- 
cofluoric acid solution to selectively deposit a second 
fluoro-containing silicon oxide film on the inter-layer in- 
sulator (12) by use of the second photo-resist film pat- 
tern (11 , 11 A) as a mask. The second photo-resist film 
pattern (1 1 , 1 1 A) is removed, thereby resulting in second 
grooves (18, 1 8A) in the second fluoro-containing silicon 
oxide film. Second interconnections (9-3a) are formed 
within the second grooves (18, 18A). 



FIG. 3 A 
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Description 

The present invention relates to a method for form- 
ing multilevel interconnections in a semiconductor de- 
vice. 

In order to increase the density of Integration of the 
semiconductor device, scaling down of the Interconnect 
tions and increase In the number of levels thereof are 
necessary. Surface planarization of an inter-layer insu- 
lator Is essential to obtain the scaling down of the Inter- 
connections. The accuracy of the scale of the Intercon- 
nections formed on the Inter-layer Insulator largely de- 
pends upon the degree of the surface planarization of 
the inter-layer insulator. The increase in the number of 
the interconnection level enlarges a difference in level, 
or a height of the step, of the upper interconnection. If 
the difference In level of the upper interconnection is be- 
yond the depth of focus in the photo-lithography, then 
the scale of the interconnection is different between the 
upper and lower parts bounded by the step. In order to 
improve the accuracy of the size of the interconnections, 
it Is essential to reduce the step as much as possible. 

In the prbr art, the following forming process for the 
inter-layer insulator is often used. A first silicon oxide 
film is deposited by a plasma chemical vapor deposition 
method. A spin-on-glass film is formed on the first silicon 
oxide film In order to obtain a plagiarized surface. A sec- 
ond silicon oxide film is deposited on the spln-on-glass 
film by the plasma chemical vapor deposition method. 
The planarization method using an SOG film Is effective 
to plagiarize a portion at which many narrow intercon- 
nections are concentrated. In this case, the SOG film is 
formed as thin over narrow interconnections and is 
formed as thick over wide interconnections. As a result, 
It is difficult to completely plagiarize an entire surface of 
a chip, thereby causing the variation in size of intercon- 
nections formed on the inter-layer insulator. This means 
that it is difficult to form fine Interconriectlons. 

The requirement for completely plagiarizing the in- 
ter-layer insulator has been on the increase. In order to 
facilitate the planarization, it is effective to provide a sil- 
icon oxide film with grooves which receive interconnec- 
tions being made of tungsten. This teclmique is dis- 
closed in VLSI Multilevel Interconnection Conference 
Proceedings, June 1 992 pp. 22-28. The tungsten film is 
immersed in a contact portion of 64 Mbit DF1AM. A first 
interconnection layer comprises a tungsten film which 
is immersed in an interconnection groove of the silicon 
oxide film. A second interconnection layer comprises a 
lamination structure of an aluminum film and a tungsten 
film. Detail descriptions of the above teclmique will be 
described below with reference to FIGS. 1 A-1H. 

As illustrated in FIG. 1A, a first insulating film 2, 
which is made of silicon oxide, is formed on a silicon 
substrate 1 . A second insulating film 3, which is made 
of silicon oxide film, is formed on the first insulating film 
2. 

As illustrated in FIG. IB, a photo-resist film 27 is 



applied on the second insulating film 4 and then pat- 
terned to form a photoresist pattern 27. 

As illustrated in FIG. 10, the second insulating film 
is subjected to a reactive ion etching using fluorine gas 

5 to form first interconnection grooves 5 in the second in- 
sulating film 4. 

As illustrated in FIG. 10. a titanium film 6-1 is 
formed by sputtering on the side walls and the bottom 
of each of the first interconnection grooves 5 and on the 

10 top of the second insulating film 4. A titanium nitride film 
7-1 Is formed by sputtering on the titanium film 6-1. A 
tungsten film 8-1 Is grown on an entire surface of the 
titanium nitride film 7-1 by a chemical vapor phase dep- 
osition method using WFg gas and SiH4 gas wherein 

'5 SiH4 is reduced. As a result, the first Interconnection 
grooves 5 are filled with the tungsten film 8-1 and the 
top of the titanium nitride film 7-1 is completely im- 
mersed within the tungsten film 8-1 . 

As illustrated in FIG. IE, the tungsten film 8-1, the 

20 titanium nitride film 7-1 and the titanium film 6-1 are se- 
lectively removed by a chemical/mechanical polishing 
so that the tungsten film 8-1 , the titanium nitride film 7-1 
and the titanium film 6-1 remain only within the first In- 
terconnection grooves 5. As a result, first interconnec- 
ts tions 9-1 , which comprises the titanium film 6-1 , the ti- 
tanium nitride film 7-1 and the tungsten film 8-1, are 
formed within the first interconnection grooves 5. 

As illustrated in FIG. 1 F, a second insulating film 13, 
which is made of silicon oxide, is formed on the level 

30 surface of the device, wherein the second insulating film 
13 acts as an inter-layer insulator. Via holes 15 are se- 
lectively formed in the second insulating film 13 by a 
combination of photo-lithography and reactive ion-etch- 
ing. The via holes 15 are positioned over the remaining 

35 tungsten film 8-1 within the first interconnection grooves 
5. The top of the first Interconnections 9-1 are covered 
by the second insulating film 13. 

As illustrated In FIG. 1G, a titanium film 6-2 is 
formed by sputtering on the side walls and the bottom 

40 of each of the via holes 1 5 and on the top of the second 
insulating film 1 3. A titanium nitride film 7-2 is formed by 
sputtering on the titanium film 6-2. A tungsten film 8-2 
is grown on an entire surface of the titanium nitride film 

7- 2 by a chemical vapor phase deposition method using 
45 WFe gas and SiH4 gas, wherein SiH4 is reduced. As a 

result, the via holes 15 are filled with the tungsten film 

8- 2 and the top of the titanium nitride film 7-2 is com- 
pletely immersed within the tungsten film 8-2. The tung- 
sten film 8-2, the titanium nitride film 7-2 and the titanium 

50 film 6-2 are selectively removed by a chemical/mechan- 
ical polishing so that the tungsten film 8-2, the titanium 
nitride film 7-2 and the titanium film 6-2 remain only with- 
in the via holes 15. As a result, the contacts 9-2, which 
comprises the titanium film 6-2 and the titanium nitride 

55 film 7-2, are formed within the via holes 1 5. 

As illustrated in FIG. 1 H, an insulating film 1 6, which 
is made of silicon oxide, is formed on the surface of the 
device. A photo-resist film, which is not illustrated, is ap- 
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plied on the insulating film 1 6 and then patterned to form 
a photoresist pattern, which is not illustrated. The insu- 
lating film 16 is subjected to a reactive ion etching using 
fluorine gas to form second interconnection grooves 18 
in the insulating film 16. A titanium film 20 is formed by 
sputtering on the side Walls and the bottom of each of 
the second interconnection grooves 18 and on the top 
of the insulating film 18. An aluminum film 21 is formed 
by sputtering on the titanium film 20 within the second 
interconnection grooves 18. A tungsten nitride film 22 is 
formed on the aluminum film 21 within the interconnec- 
tion grooves 18. A tungsten film 23 is grown on an entire 
surface of the device by a chemical vapor phase depo- 
sition method using WFg gas and SiH4 gas, wherein 
SiH4 is reduced. As a result, the second interconnection 
grooves 18 are completely filled with the tungsten film 
23. The tungsten film 23 are selectively renfK}ved by a 
chemical/mechanical polishing so that the tungsten film 
23, the tungsten nitride film 22, the aluminum film 21 
and the titanium film 20 remain only within the second 
interconnection grooves 18. As a result, second inter- 
connections are formed within the second interconnec- 
tion grooves 18. Each of the interconnections comprises 
the tungsten film 23, the tungsten nitride film 22, the alu- 
minum film 21 and the titanium film 20. 

The above conventional method for forming the 
multilevel interconnections has the following disadvan- 
tages. As described above, the interconnectbn grooves 
for receiving the Interconnections are formed by subject- 
ing the silicon oxide film 4 to the reactive ion-etching. 
The silicon oxide film 4 overlays the silicon oxide film 2. 
The silicon oxide film 4 has a not large selective ratio in 
reactive ion-etching to the silicon oxide film 2. Thus, the 
etching rate of the silicon oxide film 4 is not so larger 
than the etching ratio of the silicon oxide film 2. For that 
reason, it -is difficult to precisely control the etching 
depth. The reactive ion-etching depends on the pattern 
due to micro-loading effect. For example, the etching 
depth is varied by the variation in the width of the inter- 
connection groove. The depth of the interconnection 
groove corresponds to the thickness of the interconnec- 
tions. When the depth of the interconnection groove has 
a variation, this means that the interconnection thick- 
ness also has a variation, thereby resulting in deteriora- 
tion of the reliability of the interconnections. 

There is another conventional method for fonning 
multilevel Interconnections, which will hereinafter be de- 
scribed with reference to FIGS. 2A-2E. In order to form 
the multilevel interconnections by both a liquid phase 
growth of a silicon oxide film and a non-electro-plating. 
This tectmique is the same as discbsed in the Japanese 
laid-open patent application No. 4-290249. The process 
for forming the multilevel interconnections are as fol- 
lows. 

As illustrated in FIG. 2A, a silicon oxide film 2 is 
formed on a silicon substrate 1 . A copper film 24, having 
a thickness of ICQ nanometers, is formed on the silicon 
oxide film 2 by sputtering. 



As illustrated in FIG. 2B, a photo-resist film is ap- 
plied on the copper film 24 and then pattered to form a 
first photo-resist pattern 3. The copper film 24 is selec- 
tively etched by using the first photo-resist pattern 3 as 

s a mask. A fluoro-containing silicon oxide film 4 is selec- 
tively grown by a liquid phase growth method using the 
first photo-resist pattern 3 as a mask, so that the fluoro- 
containing silicon oxide film 4 is formed in apertures de- 
fined by the first photo-resist pattern 3. 

10 As illustrated in FIG. 20, the first photo-resist pat- 
tern 3 is removed. A first copper plating film 25 is selec- 
tively formed by a non-electro-plating method on the 
copper film 24 in apertures defined by the fluoro-con- 
taining silicon oxide film 4. 

15 As illustrated in FIG. 2D, a photo-resist film is ap- 
plied on the copper film 24 and then pattered to form a 
second photo-resist pattern 11 on a predetermined part 
of the first copper plating film 25. A fluoro-containing sil- 
icon oxide film 1 3A is selectively grown by a liquid phase 

20 growth method using the second photo-resist pattern 1 1 
as a mask, so that the fluoro-containing silicon oxide film 
1 3A is formed in apertures defined by the second photo- 
resist pattern 11. 

As illustrated in FIG. 2E. the second photo-resist 

2$ pattern 11 is removed. A second copper plating film 26 
is selectively formed by a non-electro-plating method on 
the first copper plating film 25 in apertures defined by 
the fluoro-containing silicon oxide film 1 3A. 

The above method for forming the interconnectbns 

30 has the following disadvantages. As described above, 
the non-electro-plating of a metal is used to fill the 
grooves and the holes with the metal. The metal has to 
be selected from limited groups, such as gold, copper 
and nickel, suitable for the metal plating, it is difficult to 

35 form the interconnections by use of the sputtering and 
the chemical vapor deposition. In order to form the sili- 
con oxide film, there has to be used an H2SiFg liquid in 
which HF is included. Even when a boric acid is added 
to cause a supersaturatbn state. HF dissociates by ex- 

40 tracting silicon oxkje. For this reason, it is Impossible to 
use metals, such as aluminum, which are soluble to HF 
Copper tends to be oxidized. In the plating method using 
a liquid, the copper surface under the via hole tends to 
be oxidized. The oxidized surface of the copper film acts 
as an insulator, thereby an electrical connectbn be- 
tween the first and second interconnections can not be 
obtained. 

Accordingly, it is an object of the present invention 
to provide a novel method for forming interconnections 
so free from any disadvantages as described above. 

It is a further object of the present inventbn to pro- 
vide a novel method for forming interconnections, whk^h 
permits variable materials to be used for the intercon- 
nections. 

55 It is a further more object of the present invention 
to provide a novel method for forming interconnections 
with a uniform thickness. 

It is a moreover object of the present invention to 
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provide a novel method for forming multilevel intercon- 
nection structure with a high reliability. 

It Is a still further object of the present invention to 
provide a novel method for forming multilevel intercon- 
nections which are electrically connected to each other. 

It is yet a further object of the present invention to 
provide a novel method for forming multilevel fine inter- 
connections being planarlized. 

The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following descriptions. 

The present invention provides a novel method for 
forming multilevel interconnections in a semiconductor 
device. A silicon oxide film is formed on a semiconductor 
substrate. A first photo-resist film pattern is formed on 
the first silicon oxide film. The surface of the silicon oxide 
film covered with the photo-resisit film pattern is ex- 
posed to a super-saturated hydrosilicofluoric acid solu- 
tion to selectively deposit a first fluoro-containing silicon 
oxide film on the silicon oxide film by use of the first pho- 
to-resist film pattern as a mask. The first photo-resist 
film pattern is removed, thereby resulting In first grooves 
in the fluoro-containing silicon oxide film. First intercon- 
nections are formed within the first grooves. An inter- 
layer insulator is formed on an entire surface of the de- 
vice and then subjected to a dry etching and a photo- 
lithography to form via holes in the Inter-layer insulator. 
Conductive films are selectively formed in the via holes. 
A second photo-resist film pattern is selectively formed 
to cover the conductive films within the via holes. The 
entire surface of the device covered with the second 
photo-resisit film pattern is exposed to a super-saturat- 
ed hydrosilicofluoric acid solution to selectively deposit 
a second fluoro-containing silicon oxide film on the inter- 
layer insulator by use of the second photo-resist film pat- 
tern as a mask. The second photo-resist film pattern is 
removed, thereby resulting in second grooves in the 
second fluoro-containing silicon oxide film. Second in- 
terconnections are formed within the second grooves. 

As modifications, the following process for forming 
the inter-layer insulator is available. A silicon oxide base 
film Is deposited on an entire surface of the device. A 
second photo-resisit film pattern is selectively formed 
on the silicon oxide base film to overlay only the first 
interconnections. The entire surface of the device, cov- 
ered with the second photo-resisit film pattern, is ex- 
posed to a super-saturated hydrosilicofluoric acid solu- 
tion to selectively deposit a fluoro-containing silicon ox- 
ide inter-layer insulator film on the inter-layer insulator 
by use of the second photo-resist film pattern as a mask. 
The second photo-resist film pattern is removed, there- 
by resulting in apertures in the fluoro-containing silicon 
oxide inter-layer insulator film. The silicon oxide base 
film shown through the apertures is removed by the re- 
active ion-etching so as to form via holes in the fluoro- 
containing silicon oxide inter-layer insulator film. A se- 
lective chemk:al vapor deposition method is available to 
selectively form metal films such as tungsten films within 



the via holes. The following processes are also available 
for forming metal films such as tungsten films within the 
via holes. A metal film is deposited on an entire surface 
of the device and then subjected to either a dry etching 

s or a chemical/mechanical polishing to have the metal 
film partially remain in the via holes. 

As further modifications, the silicon oxide film may 
contain at least one of phosphorus, boron and germa- 
nium. Such film may be formed by either a sputtering 

10 method or a chemk:al vapor deposition method. The in- 
terconnections may be made of a conductive material 
which includes at least one of titanium nitride, tungsten, 
nrwlybdenum, gold, silver, copper, silicon, aluminum, ti- 
tanium, titanium-containing silicon. Such conductive 

IS film may be formed by a chemical vapor deposition 
method or a sputtering method. 

The super-saturated hydrosilicofluoric acid solution 
may be prepared by heating a hydrosilicofluoric solu- 
tion. The super-saturated hydro-silicofluoric acid solu- 

20 tion may also be prepared by dissolving aluminum into 
a hydrosilicofluoric solution. The super-saturated hydro- 
silicofluoric acid solution may be prepared by adding ei- 
ther a boric acid solution or water into a hydrosilicofluoric 
solution. 

25 As described above, the Interconnection grooves 
are formed by a selective growth of the fluoro-containing 
silicon oxide film without using a reactive ion-etching 
process. This means that the interconnection grooves 
are free from any variation In its size due to any variation 

30 in the size of a photo-resisit pattern. 

When the inter-layer insulator is formed, the first in- " 
terconnections which underlying the inter-layer insulator 
are not exposed to the super-saturated hydro-silbofiuo* 
ric ackl solutbn so that the first interconnections are free 

3S from any corrosion. 

When the second fluoro-containing silicon oxide 
film which overlays the inter-layer insulator is formed, 
the conductive films in the via holes of the inter-layer 
insulator are not exposed to the super-saturated hydro- 

40 sllicofluoric acid solution so that the conductive films are 
free from any corrosion. 

The groves and the via holes are filled with the con- 
ductive material to obtain level surfaces for facilitating 
the planerizatbn. 

<5 Preferred embodiments of the present invention will 
be described in detail with reference to the accompany- 
ing drawings. 

FIGS. 1 A-1 H are cross sectional elevation views Il- 
lustrative of the semiconductor device with multilevel in- 

so terconnectbns involved in the conventional fabricatkm 
method. 

FIGS. 2A-2E are cross sectional elevation views il- 
lustrative of the semiconductor device with multilevel in- 
terconnections involved in the other conventional fabri- 
55 cation method. 

FIGS. 3A-3N are cross sectional elevation views il- 
lustrative of a semiconductor device with multilevel in- 
terconnectbns involved in a novel fabrication method in 
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a first embodiment according to the present invention. 

FIGS. 4A-4J are cross sectional elevation views il- 
lustrative of a semiconductor device with multilevel in- 
terconnections involved in a novel fabrication method in 
a second embodiment according to the present inven- 
tion. 

FIGS. 5A-5K are cross sectional elevation views il- 
lustralive of a semiconductor device with multilevel in- 
terconnections involved in a novel fabrication method in 
a third embodiment according to the present invention. 

FIGS. 6A-6H are cross sectional elevation views Il- 
lustrative of a semiconductor device with multilevel In- 
terconnections Involved in a novel fabrication method in 
a fourth embodiment according to the present invention. 

A first embodiment according to the present inven- 
tion will be described with reference to FIGS. 3A-3N, 
wherein a novel method for forming multilevel Intercon- 
nections in a semiconductor device Is provided. 

As illustrated in FIG. 3A, a first insulating film 2, be- 
ing made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon sub- 
strate 1 by a plasma chemical vapor deposition method. 
A photo-resist is applied on the silicon oxide film 2 and 
then patterned by photo-lithography to form a photo-re- 
sist pattern 3A on the first insulating film 2. 

As illustrated in FIG. 3B, a second insulating film 
4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 mk:rometers, is grown on the 
first insulating film 2 by using the photo-resist pattern 3A 
as a mask. The growth of the fluoro-containing silicon 
oxide film 4A is achieved by a liquid phase growth which 
uses a super-saturated hydrosilicofluoric acid solution, 
wherein the hydrosilicofluoric acid in the solution Is 
maintained in super-saturated state by immersing and 
dissolving an aluminum piece in an aqueous solution 
which includes a hydrosilicofluoric acid at a concentra- 
tion of about 40% by weight. The reaction of hydrosili- 
cofluoric acid with aluminum is expressed by the follow- 
ing formulae. 

HgSiFg + 2H2O -4 6HF + ISOg (1 ) 

Al^ + 3HF ^ AIF3 + 3H* (2) 

The above matter is disclosed in the Japanese laid- 
open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is ex- 
pressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solu- 
tion. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of 
fluoro-containing silicon oxide so that the fluoro-contain- 
ing silicon oxide film 4A, which has Si-F bonding, is de- 
posited on the silicon oxide film 2. During the deposition 
of the fluoro-containing silicon oxide film 4A, the hydro- 
sillcofluork: acid solution is maintained at a temperature 
of 35°C so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid soIutk}n Is set at approximately 



0.5 g/hour, thereby resulting in a fluoro-containing sill- 
con oxide film deposition rate being In the range of 80 
nanometers to 100 nanometers. 

As illustrated in FIG. 3C, only the first photo-resist 
s pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A Is fomned, Is removed by 
a peeling liquid so that first interconnection grooves 5A 
defined by the fluoro-containing silicon oxide film 4A are 
formed. 

10 As illustrated in FIG. 3D, the substrate is introduced 
into a sputtering apparatus and then a vacuum of 
1 X10*5 Pa is created. The substrate is subjected to an 
etching using an argon gas with a pressure of 0.7 Pa to 
remove a spontaneous oxide film from the surface of the 

15 substrate. A titanium film 6-1 with a thickness of approx- 
imately 50 nanometers is deposited on an entire surface 
of the device by a sputtering method. A titanium nitride 
film 7-1 with a thickness of approximately 100 nanome- 
ters is deposited on the titanium film 6-1 by a sputtering 

20 method. An aluminum film 8-1 with a thickness of 700 
nanometers is formed on the titanium nitride film 7-1 by 
a chemical vapor deposition, wherein dimethylalminum- 
hydride AIH (01-13)2 vaporized by a bubbling method 
with a carrier gas of hydrogen at a temperature of 30°C 

25 and then introduced into a reaction chamber. The flow 
rate of hydrogen gas used in the bubbling method is con- 
trolled at 250 seem. The pressure of the reaction cham- 
ber Is maintained at 1 30 Pa. The temperature of the sub- 
strate is maintained at 250** C. The deposition rate of alu- 

30 minum is approximately 0,4 micrometers/min. 

As illustrated in FIG. 3E, the aluminum film 8-1 , the 
titanium nitride film 7-1 and the titanium film 6-1 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the aluminum film 8-1, the titanium nitrkle film 

35 7-1 and the titanium film 6-1 only within the first inter- 
connection grooves 5A. As a result, the first intercon- 
nections, each of which comprises the aluminum film 
8-1 , the titanium nitride film 7-1 and the titanium film 6-1 , 
are formed in the first interconnection grooves 5 A. The 

40 polishing is carried out by using an acid polishing agent 
with a PH value of 2.5 where silicon oxide particles with 
a diameter of approximately 30 nanometers are dis- 
persed in a pure water. A rotational speed of a polishing 
pad is PDaintained at 50 times/min. A rotational speed of 

45 a polishing head Is also maintained at 50 times/mln. The 
polishing agent is added at a rate of 75 cc/min. The pol- 
ishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 3F, a silicon oxide base film 10 
with a thickness of approximately 100 nanometers is 

50 formed on an entire surface of the device by a plasma 
chemical vapor deposition. A second photo-reslsit film 
is applied on an entire surface of the silicon oxide base 
film 1 0 and then patterned to form a second photo-resist 
pattern 1 1 A which positioned over the aluminum film 8-1 

55 within the first interconnection grooves. 

As illustrated in FIG. 3G, a second fluoro-containing 
silicon oxide film 1 2 with a thickness of 0.8 micrometers 
Is grown on the silicon oxide base film 10 by using the 
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second photo-resist pattern 11 A as a mask. The growth 
of the fluoro-containing silicon oxide film 12 is achieved 
by a liquid phase growth which uses a super-saturated 
hydrosiltcofluoric acid solution, wherein the hydrosili- 
cofluoric acid in the solution is maintained in super-sat- s 
urated state by Immersing and dissolving an aluminum 
piece in an aqueous solution which includes a hydrosil- 
icofluoric acid at a concentration of about 40% by 
weight. The reaction of hydrosilicofluoric acid with alu- 
minum is expressed by the foregoing formulae (1) and 
(2). The reactions of hydrosilicofluoric acid with alumi- 
num, which are expressed by the above formulae (1) 
and (2), are caused by adding aluminum into the hydro- 
silicofluoric acid solution. The chemical equilibrium ex- 
pressed in the left hand term is broken, thereby resulting 
in an extraction of fluoro-containing silicon oxide so that 
the second fluoro-containing silicon oxide film 12, which 
has Si-F bonding, is deposited. During the deposition of 
the fluoro-containing silicon oxide film 11, the hydrosili- 
cofluoric acid solution is maintained at a temperature of 
SS^'C so that the solubility of aluminum to 1 liter of hy- 
drosilicofluoric acid solution is set at approximately 0.5 
g/hour, thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being in the range of 80 na- 
nometers to 100 nanometers. The second photo-resist 
pattern 11 A, having apertures within which the fluoro- 
containing silicon oxide film 1 2 is formed, is removed by 
a peeling liquid so that openings 14 are formed in the 
fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 3H. the silicon oxide base film 
10 under the openings 14 is selectively removed by a 
reactive diy etching which uses CF4 gas to form via 
holes 15A over the titanium films 8-1 within the first in- 
terconnection grooves 5A. The reactive dry etching is 
carried out by using a parallel plate type apparatus us- 
able for batch treatments. The flow rate of CF4 gas is 
maintained at 100 seem. The pressure of the reaction 
chamber is set at 10 Pa. The substrate temperature is 
maintained at 20^C, A power of 1 kW with a frequency 
of 13.56MHz is applied. The etching rate of approxi- 
mately 40 nanometers/min. is obtained. By the etch 
back process, the thickness of the fluoro-containing sil- 
icon oxide film 12 is reduced to approximately 0.65 mi- 
crometers. The fluoro-containing silicon oxide film 12 
and the silicon oxide base film 10 constitute a third in- 
sulator 13B. 

As illustrated in FIG. 31, a titanium film 6-2 with a 
thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium 
nitride film 7-2 with a thickness of 100 nanometers is 
deposited on the titanium film 6-2 by a sputtering meth- 
od. An aluminum film 6-2 with a thickness of approxi- 
mately 0.7 micrometers is formed on the titanium nitride 
film 7-2 by a thermal chemical vapor phase deposition, 
wherein dimethylalminumhydrkJe AIH(CH3)2 is vapor- 
ized by a hubbling method with a carrier gas of hydrogen 
at a temperature of 30*'C and then introduced into a re- 
action chamber. The flow rate of hydrogen gas used in 



the hubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 
Pa. The temperature of the substrate is maintained at 
250°C. The deposition rate of aluminum is approximate- 
ly 0.4 micrometers/min. 

As illustrated in FIG. 3J, the aluminum film 8-2, the 
titanium nitride film 7-2 and the titanium film 6-2 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the aluminum film 8-2, the titanium nitride film 
7-2 and the titanium film 6-2 only within the via holes 
15A. As a result, the conductive films, each of which 
comprises the aluminum film 8-2, the titanium nitride film 
7-2 and the titanium film 6-2, are formed in the via holes 
15A. The polishing is carried out by using an acid pol- 
ishing agent with a PH value of 2.5 where silicon oxide 
particles with a diameter of approximately 30 nanome- 
ters are dispersed in a pure water A rotational speed of 
a polishing pad Is maintained at 50 times/min. A rota- 
tional speed of a polishing head is also maintained at 
50 times/min. The polishing agent is added at a rate of 
75 cc/min. The polishing rate is approximately 0.4 mi- 
crometers/min. 

As illustrated in FIG. 3K, a third photo-resisit film is 
applied on an entire surface of the device and then pat- 
terned to selectively form a third photo-resist pattern 1 7. 
A third fluoro-containing silicon oxide film 16A with a 
thickness of 0.8 micrometers is grown on the third fluoro- 
containing silicon oxkie film by using the third photo-re- 
sist pattern 17 as a mask. The growth of the fluoro-con- 
taining silicon oxide film 16A is achieved by a liquid 
phase growth which uses a super-saturated hydrosili- 
cofluoric acid solution, wherein the hydrosilicofluoric ac- 
id in the solution is maintained in super-saturated state 
by immersing and dissolving an aluminum piece in an 
aqueous solution whk:h includes a hydrosilicofluorrc ac- 
id at a concentration of about 40% by weight. The reac- 
tions of hydrosilicofluoric acid with aluminum re ex- 
pressed by the foregoing formulae (1) and (2). The re- 
actions of hydrosilicofluoric acid with aluminum, which 
are expressed by the above formulae (1) and (2), are 
caused by adding aluminum into the hydrosilicofluoric 
acid solution. The chemical equilibrium expressed in the 
left hand term is broken, thereby resulting in an extrac- 
tion of fluoro-containing silicon oxide so that the third 
fluoro-containing silicon oxide film 16A, which has Si-F 
bonding, is deposited. During the deposition of the 
fluoro-containing silicon oxide film 16A, the hydrosili- 
cofluoric acid solution is maintained at a temperature of 
35**C so that the solubility of aluminum to 1 liter of hy- 
drosilicofluoric acid solution is set at approximately 0.5 
g/hour, thereby resulting in a fluoro-containing silicon 
oxkJe film deposition rate being in the range of 80 na- 
nometers to 100 nanometers. 

As illustrated in FIG. 3L. the third photo-resist pat- 
tern 17, having apertures within which the fluoro-con- 
taining silicon oxide film 12 is formed, is removed by a 
peeling liquid so that third interconnection grooves 18A 
are formed in the third fluoro-caitaining silicon oxide film 
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16A. 

As iHustrated in FIG. 3M, a titanium film 6-3 with a 
thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium 
nitride film 7-3 with a thickness of 100 nanometers Is 
deposited on the titanium film 6>3 by a sputtering meth- 
od. An aluminum film 8-3 with a thickness of approxi- 
mately 0.7 micrometers is formed on the titanium nitride 
film 7-3 by a thermal chemical vapor phase deposition, 
wherein dimethylalmlnumhydrlde AIH(CH3)2 is vapor- 
ized by a bubbling method with a carrier gas of hydrogen 
at a temperature of 30°C and then introduced into a re- 
action chamber. The flow rate of hydrogen gas used in 
the bubbling method is controlled at 250 seem. The 
pressure of the reaction chamber is maintained at 130 
Pa. The temperature of the substrate Is maintained at 
250^0. The deposition rate of aluminum is approximate- 
ly 0.4 micrometers/mln. 

As illustrated in FIG. 3N, the aluminum film 8-3, the 
titanium nitride film 7-3 and the titanium film 6-3 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the aluminum film 8-3, the titanium nitride film 
7-3 and the titanium film 6-3 only within the third inter- 
connection grooves 18A. As a result, the second inter- 
connections 9-3a, each of which comprises the alumi- 
num film 8-3, the titanium nitride film 7-3 and the titanium 
film 6-3, are formed in the second interconnection 
grooves 5A. The polishing is carried out by using an acid 
polishing agent with a PH value of 2.5 where silicon ox- 
ide particles with a diameter of approximately 30 na- 
nometers are dispersed in a pure water. A rotational 
speed of a polishing pad is maintained at 50 times/min. 
A rotational speed of a polishing head is also maintained 
at 50 times/min. The polishing agent is added at a rate 
of 75 cc/min. The polishing rate is approximately 0.4 mi- 
crometers/min. 

The two level interconnection structure is fabricat- 
ed. The surface of the inter-layer insulator between the 
two level interconnection layers are leveled. A sample 
is formed by use of the above teclmique, wherein ten 
thousand via holes are connected in series to each oth- 
er. A diameter of the via holes is 0.6 micrometers. Each 
via hole has a resistance of approximately 0.3 O. The 
yieki is 95%. 

According to the above method, the silicon oxide 
base film is fonmed to cover the first interconnections 
before the surface of the device is exposed to the super- 
saturated hydro-silicofluoric acid solution so that the first 
interconnections are free from any corrosion caused by 
the super-saturated hydro*silicof]uoric acid solution. 
The conductive film within the via holes are also free 
from any corrosion caused by the super-saturated hy- 
dro-silicofluoric acid solution as being covered with the 
photo-resist film. The combination of the chemical/me- 
chanical polishing and subsequent liquid phase growth 
albws the inter-layer insulator to have a level surface. 

A second embodiment according to the present in- 
vention will be described with reference to FIGS. 4A-4J. 



wherein a novel method for forming multilevel Intercon- 
nections in a semiconductor device is provided. 

As illustrated in FIG. 4A, a first insulating film 2, be- 
ing made of silicon oxide and having a thickness of 1 

s micrometer, is formed as a first insulator on a silicon sub- 
strate 1 by a plasma chemical vapor deposition method. 
A photo-resist is applied on the silicon oxide film 2 and 
then patterned by photo-lithography to form a photo-re- 
sist pattern 3A on the first insulating film 2. 

10 As illustrated in FIG. 4B, a second insulating film 
4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the 
first insulating film 2 by using the photo-resist pattern 3A 
as a mask. The growth of the fluoro-containing silicon 

IS oxide film 4A is achieved by a liquid phase growth whk^h 
uses a super-saturated hydrosilicofluoric acid solution, 
wherein the hydrosilicofluoric acid in the solution is 
maintained in super-saturated state by immersing and 
dissolving an aluminum piece in an aqueous solution 

20 which includes a hydrosilicofluoric acid at a concentra- 
tion of about 40% by weight. The reaction of hydrosili- 
cofluorb acid with aluminum is expressed by the follow- 
ing fomnulae. 

25 ^2^^B + ^HgO -> 6HF + ISO2 (1 ) 

Al^* + 3HF -» AIF3 + 3H* (2) 

The above matter Is disclosed in the Japanese laid- 
open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is ex- 
pressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solu- 
tion. The chemical equilibrium expressed In the left hand 
term is broken, thereby resulting in an extraction of 
fluoro-containing silicon oxide so that the fluoro-contain- 
ing silicon oxide film 4A, which has Si-F bonding, is de- 
posited on the silk:on oxide film 2. During the deposition 
of the fluoro-containing silicon oxide film 4A, the hydro- 
silicofluoric acid solution is maintained at a temperature 

40 of 359Q so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid solution is set at approximately 
0.5 g/hour, thereby resulting in a fluoro-containing sili- 
con oxide film deposition rate being in the range of 60 
nanometers to 100 nanometers. 

^ As illustrated in FIG. 4C. only the first photo-resist 
pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4 A is formed, is removed by 
a peeling liquid so that first interconnection grooves 5A 
defined by the fluoro-containing silicon oxide film 4A are 
fonned. 

As illustrated in FIG. 4D, the substrate is introduced 
into a sputtering apparatus and then a vacuum of 1 x 
1 0'^ Pa is created. The substrate is subjected to an etch- 
ing using an argon gas with a pressure of 0.7 Pa to re- 
^ move a spontaneous oxide film from the surface of the 
substrate. A titanium film 6-1 with a thickness of approx- 
imately 50 nanometers is deposited on an entire surface 
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of the device by a sputtering method. A titanium nitride 
film 7-1 with a thickness of approximately 100 nanome- 
ters is deposited on the titanium film 6-1 by a sputtering 
method. Alh aluminum film 8-1 with a thickness of 700 
nanometers is formed on the titanium nitride film 7-1 by 
a chemical vapor deposition, wherein dlmethylalminum- 
hydride AIH(CH3)2 is vaporized by a hubbling method 
with a carrier gas of hydrogen at a temperature of 30*C 
and then introduced into a reaction chamber The flow 
rate of hydrogen gas used in the hubbling method is con- 
trolled at 250 seem. The pressure of the reaction cham- 
ber is maintained at 1 30 Pa. The temperature of the sub- 
strate is maintained at 250**C, The deposition rate of alu- 
minum Is approximately 0.4 micrometers/min, 

As illustrated in FIG. 4E, the aluminum film 8-1 . the 
titanium nitride film 7-1 and the titanium film 6-1 are se- 
lectively removed by a chemical'mechanical polishing 
to leave the aluminum film 8-1 , the titanium nitride film 

7- 1 and the titanium film 6-1 only within the first inter- 
connection grooves 5A. As a result, the first intercon- 
nections, each of which comprises the aluminum film 

8- 1 , the titanium nitride film 7-1 and the titanium film 6-1 , 
are formed in the first interconnection grooves 5A. The 
polishing is carried out by using an acid polishing agent 
with a PH value of 2.5 where silicon oxide particles with 
a diameter of approximately 30 nanometers are dis- 
persed In a pure water. A rotational speed of a polishing 
pad is maintained at 50 times/min. A rotational speed of 
a polishing head is also maintained at 50 times/min. The 
polishing agent is added at a rate of 75 cc/min. The pol- 
ishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 4F, a silicon oxide base film 10 
with a thickness of approximately 100 nanometers Is 
formed on an entire surface of the device by a plasma 
chemical vapor deposition. A second photo-resisit film 
Is applied on an entire surface of the silicon oxide base 
film 1 0 and then patterned to form a second photo-resist 
pattern 1 1 A which positioned over the aluminum film 8-1 
within the first interconnection grooves. 

As Illustrated in FIG. 4G, a second fluoro-contalning 
silicon oxide film 1 2 with a thickness of 0.8 micrometers 
is grown on the silicon oxide base film 10 by using the 
second photo-resist pattern 11 A as a mask. The growth 
of the fluoro-containing silicon oxide film 12 is achieved 
by a liquid phase growth which uses a super-saturated 
hydros ilicof I uoric acid solution, wherein the hydrosili- 
cofluoric acid In the solution is maintained in super-sat- 
urated state by Immersing and dissolving an aluminum 
piece in an aqueous solution which includes a hydrosil- 
Icofluoric acid at a concentratbn of about 40% by 
weight. The reaction of hydrosilicofluoric acid with alu- 
minum is expressed by the foregoing formulae (1) and 
(2). The reactions of hydrosilicofluoric acid with alumi- 
num, which are expressed by the above formulae (1) 
and (2), are caused by adding aluminum into the hydro- 
silicofluoric acid solution. The chemical equilibrium ex- 
pressed in the left hand term is broken, thereby resulting 
in an extraction of fluoro-containing silicon oxide so that 



the second fluoro-containing silicon oxide film 1 2, which 
has Sl-F bonding, is deposited. During the deposition of 
the fluoro-containing silicon oxide film 11 , the hydrosili- 
cofluoric acid solution is maintained at a temperature of 

5 35**C so that the solubility of aluminum to 1 liter of hy- 
drosilrcofluorlc acid solution is set at approximately 0.5 
g/hour. thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being In the range of 80 na- 
nometers to 100 nanometers. The second photo-resist 

10 pattern 11 A, having apertures within which the fluoro- 
containing silicon oxide film 12 is formed, is removed by 
a peeling liquid so that openings 14 are formed in the 
fluoro-containing silicon oxide film 12. 

As illustrated in FIG. 4H. the silicon oxide base film 

IS 10 under the openings 14 is selectively removed by a 
reactive dry etching which uses CF4 gas to form via 
holes ISA over the titanium films 8-1 within the first in- 
terconnection grooves 5A. The reactive dry etching is 
carried out by using a parallel plate type apparatus us- 

20 able for batch treatments. The flow rate of CF4 gas is 
maintained at 100 seem. The pressure of the reaction 
chamber is set at 10 Pa. The substrate temperature Is 
maintained at 20*0. A power of IkW with a frequency 
of 13.56MHz is applied. The etching rate of approxl- 

2S mately 40 nanometers/min. is obtained. By the etch 
back process, the thickness of the fluoro-containing sil- 
icon oxide film 12 is reduced to approximately 0.65 mi- 
crometers. The fluoro-containing silicon oxkJe film 12 
and the silicon oxide base film 10 constitute a third in- 

30 suIator13B. 

As illustrated in FIG. 41, a tungsten film 19 with a 
thickness of approximately 0.8 micrometers is selective- 
ly formed within the via holes 51 A by a heat chemical 
vapor phase growth, In which WFg gas and SiH4 gas are 

35 used. The respective flow rates of WFg gas and SiH4 
gas are set at 20 seem and 1 2 seem. The substrate tem- 
perature is maintained at 270^^0. The pressure of the 
reaction chamber is set at 4Pa. The deposition rate Is 
0.6 micrometers/min. 

40 As illustrated in FIG. 4J, a third photo-reslsit film Is 
applied on an entire surface of the device and then pat- 
terned to selectively form a third photo-resist pattern, 
which is not illustrated and covers the tungsten film 19. 
A third fluoro-containing silicon oxide film 16A with a 

^ thickness of 0.8 micrometers is grown on the third fluoro- 
containing silicon oxide film by using the third photo-re- 
sist pattern as a mask. The growth of the fluoro-contain- 
ing silicon oxide film 16A is achieved by a liquid phase 
growth whk^h uses a super-saturated hydrosilicofluoric 

^ ackJ solution, wherein the hydrosilicofluoric acid in the 
solution Is maintained in super-saturated state by im- 
mersing and dissolving an aluminum piece In an aque- 
ous solution which includes a hydrosilicofluoric acid at 
a concentration of about 40% by weight. The reactions 

55 of hydrosilicofluoric acid with aluminum re expressed by 
the foregoing formulae (1) and (2). The reactions of hy- 
drosilicofluoric acid with aluminum, which are ex- 
pressed by the above formulae (1) and (2), are caused 
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by adding aluminum into the hydrosilicofluoric acid so- 
lution. The chemical equilibrium expressed in the left 
hand term is broken, thereby resulting in an extraction 
of fluoro-containing silicon oxide so that the third fluoro- 
containing silicon oxide film 16A, which has Si-F bond- 
ing, is deposited. During the deposition of the fluoro- 
containing silicon oxide film 16A, the hydrosilicofluoric 
acid solution is maintained at a temperature of 35°C so 
that the solubility of aluminum to 1 liter of hydrosilicofluo- 
ric acid solution is set at approximately 0.5 g/hour, there- 
by resulting in a fluoro-containing silicon oxide film dep- 
osition rate being in the range of 80 nanometers to 100 
nanometers. 

Subsequently, the third photo-resist pattern 17, 
having apertures within which the fluoro-containing sili- 
con oxide film 1 2 is formed, is renroved by a peeling liq- 
uid so that third interconnection grooves 1 8A are formed 
in the third fluoro-containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanome- 
ters is deposited on an entire surface of the device by a 
sputtering method. A titanium nitride film 7-3 with a thick- 
ness of 100 nanometers is deposited on the titanium film 
6-3 by a sputtering method. An aluminum film 8-3 with 
a thickness of approximately 0.7 micrometers is formed 
on the titanium nitride film 7-3 by a thermal chemical va- 
por phase deposition, wherein dimethylalminumhydride 
AIH(CH3)2 is vaporized by a hubbling method with a car- 
rier gas of hydrogen at a temperature of SO'^C and then 
introduced into a reaction chamber. The flow rate of hy- 
drogen gas used in the hubbling method is controlled at 
250 seem. The pressure of the reaction chamber is 
maintained at 1 30 Pa. The temperature of the substrate 
is maintained at 250°C. The deposition rate of aluminum 
is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 
and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum 
film 8-3, the titanium nitride film 7-3 and the titanium film 
6-3 only within the third interconnection grooves 18A. 
As a result, the second interconnections 9-3a. each of 
which comprises the aluminum film 8-3, the titanium ni- 
tride film 7-3 and the titanium film 6-3, are formed in the 
second interconnection grooves 5 A. The polishing is 
carried out by using an acid polishing agent with a pH 
value of 2.5 where silicon oxide particles with a diameter 
of approximately 30 nanometers are dispersed in a pure 
water. A rotational speed of a polishing pad is main- 
tained at 50 times/min. A rotational speed of a polishing 
head is also nnaintained at 50 times/min. The polishing 
agent is added at a rate of 75 cc/min. The polishing rate 
(s approximately 0.4 micrometers/min. 

The two level interconnection structure is fabrk:at- 
ed. The surface of the inter-layer insulator between the 
two level interconnection layers are leveled. A sample 
is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each oth- 
er. A diameter of the via holes is 0.6 micrometers. Each 
via hole has a resistance of approximately 0.8 O. The 



yield is over 93%. 

According to the above method, the silicon oxide 
base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super- 

s satu rated hydro-silicof luoric ackd solution so that the first 
interconnections are free from any corrosion caused by 
the super-saturated hydro-silicofluoric acid solution. 
The tungsten film within the via holes are also free from 
any corrosion caused by the super-saturated hydro-sll- 

10 icofluoric acid solution as being covered with the photo- 
resist film. The combination of the chemical/mechanical 
polishing and subsequent liquid phase growth allows 
the inter-layer insulator to have a level surface. 

A third embodiment according to the present inven- 
ts tion will be described with reference to FIGS. 5A-5K, 
wherein a novel method for forming multilevel intercon- 
nections in a semiconductor device is provided. 

As illustrated in FIG. 5A, a first insulating film 2, be- 
ing made of silicon oxide and having a thickness of 1 

20 micrometer, is formed as a first insulator on a silicon sub- 
strate 1 by a plasma chemical vapor deposition method. 
A photo-resist is applied on the silicon oxide film 2 and 
then patterned by photo-lithography to form a photo-re- 
sist pattern 3A on the first insulating film 2. 

25 As illustrated in FIG. 5B, a second insulating film 
4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the 
first insulating film 2 by using the photo-resist pattern 3A 
as a mask. The growth of the fluoro-containing silicon 

30 oxide film 4A is achieved by a liquid phase growth which 
uses a super-saturated hydrosilicofluoric acid solution, 
wherein the hydrosilicofluoric acid in the solution is 
nnalntained in super-saturated state by immersing and 
dissolving an aluminum piece in an aqueous solution 

35 which includes a hydrosilicofluoric acid at a concentra- 
tion of about 40% by weight. The reaction of hydrosili- 
cofluoric acid with aluminum is expressed by the follow- 
ing formulae. 

40 H2SiFe + 2H2O 6HF + ISOg (1) 

Al^ + 3HF ^ AIF3 + 3H* (2) 

The above matter is disclosed in the Japanese laid- 
open patent application No. 62-20876. The reaction of 

^ hydrosilicofluoric acid with aluminum, which is ex- 
pressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solu- 
tion. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of 

^ fluoro-containing silicon oxide so that the fluoro-contain- 
ing silicon oxide film 4A, which has Si-F bonding, is de- 
posited on the silicon oxide film 2. During the deposition 
of the fluoro-containing silicon oxide film 4A, the hydro- 
silicofluoric acid solution is maintained at a temperature 

^ of SS'^C so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid solution is set at approximately 
0.5 g/hour. thereby resulting in a fluoro-containing sili- 
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con oxide film deposition rate being in the range of 80 
nanometers to 100 nanometers. 

As illustrated in FIG. 50, only the first photo-resist 
pattern 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by 
a peeling liquid so that first interconnection grooves 5A 
defined by the fluoro-containing silicon oxide film 4A are 
formed. 

As illustrated in FIG. 5D, the substrate is introduced 
into a sputtering apparatus and then a vacuum of 1 x 
1 0'S Pa is created. The substrate is subjected to an etch- 
ing using an argon gas with a pressure of 0.7 Pa to re- 
move a spontaneous oxide film from the surface of the 
substrate. A titanium film 6-1 with a thickness of approx- 
imately 50 nanometers is deposited on an entire surface 
of the device by a sputtering method. A titanium nitride 
film 7-1 with a thickness of approximately 100 nanome- 
ters Is deposited on the titanium film 6-1 by a sputtering 
method. An aluminum film 8-1 with a thickness of 700 
nanometers is formed on the titanium nitride film 7-1 by 
a chemical vapor deposition, wherein dimethylalminum- 
hydride AIH(CH3)2 is vaporized by a bubbling method 
with a carrier gas of hydrogen at a temperature of SO'^C 
and then introduced into a reaction chamber The flow 
rate of hydrogen gas used in the bubbling method is con- 
trolled at 250 seem. The pressure of the reaction cham- 
ber is maintained at 1 30 Pa. The temperature of the sub- 
strate Is maintained at 250*^0, The deposition rate of alu- 
minum is approximately 0.4 mlcrometers/min. 

As illustrated in FIG. 5E, the aluminum film 8-1 , the 
titanium nitride film 7-1 and the titanium film 6-1 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the aluminum film 8-1 , the titanium nitride film 

7- 1 and the titanium film 6-1 only within the first Inter- 
connection grooves 5A. As a result, the first Intercon- 
nections, each of which comprises the aluminum film 

8- 1 , the titanium nitride film 7-1 and the titanium film 6-1 , 
are formed in the first interconnection grooves 5A. The 
polishing is carried out by using an acid polishing agent 
with a pH value of 2.5 where silicon oxide partrcles with 
a diameter of approximately 30 nanometers are dis- 
persed in a pure water A rotational speed of a polishing 
pad is maintained at 50 times/min. A rotational speed of 
a polishing head is also maintained at 50 times/min. The 
polishing agent Is added at a rate of 75 cc/mln. The pol- 
ishing rate is approximately 0.4 mlcrometers/min. 

As illustrated in FIG. 5F, a second photo-resisit film 
is applied on an entire surface of the silicon oxide base 
film 1 0 and then patterned to form a second photo-resist 
pattern 1 1 A which positioned over the aluminum film 8-1 
within the first interconnection grooves. 

As illustrated In FIG. 5G, a second fluoro-containing 
silicon oxide film 1 2 with a thickness of 0.8 mrcrometers 
is grown on the silicon oxide base film 10 by using the 
second photo-resist pattern 11 A as a mask. The growth 
of the fluoro-containing silicon oxide film 12 is achieved 
by a liquid phase growth which uses a super-saturated 
hydrosilicofluoric acid solution, wherein the hydroslli- 
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cofluoric ackf In the solution Is maintained in super-sat- 
urated state by immersing and dissolving an aluminum 
piece in an aqueous solution which includes a hydrosil- 
icofluoric acid at a concentration of about 40% by 

s weight. The reaction of hydrosilicofluoric acid with alu- 
minum is expressed by the foregoing formulae (1) and 
(2). The reactions of hydrosilicofluoric acid with alumi- 
num, which are expressed by the above formulae (1 ) 
and (2). are caused by adding aluminum into the hydro- 

10 silicofluoric acid solution. The chemical equilibrium ex- 
pressed In the left hand temn Is broken, thereby resulting 
in an extraction of fluoro-containing silicon oxide so that 
the second fluoro-containing silicon oxide film 1 2, which 
has Si-F bonding, is deposited. During the deposition of 

'5 the fluoro-containing silicon oxide film 11 , the hydrosili- 
cofluoric acid solution is maintained at a temperature of 
35*^0 so that the solubility of aluminum to 1 liter of hy- 
drosilk:ofluoric acid solution Is set at approximately 0.5 
g/hour, thereby resulting in a fluoro-containing silicon 

20 oxide film deposition rate being in the range of 80 na- 
nometers to 100 nanometers. The second photo-resist 
pattern 11 A, having apertures within which the fluoro- 
containing silicon oxide film 1 2 Is formed, is removed by 
a peeling liquid so that openings 14 are formed in the 

25 fluoro-contalnlng silicon oxide film 12. 

As illustrated In FIG. 5H, a silicon oxide film 13C 
with a thickness of 0.8 micrometers is formed on an en- 
tire surface of the device by a plasma chemical vapor 
phase growth. Via holes 15B are formed in the silicon 

30 oxide film 1 3C by a photo-lithography and a subsequent 
selective reactive ion-etching which uses a CHF3 gas. 

As illustrated in FIG. 51, a titanium film 6-2 with a 
thickness of 50 nanometers is deposited on an entire 
surface of the device by a sputtering method. A titanium 

35 riitride film 7-2 with a thickness of 100 nanometers is 
deposited on the titanium film 6-2 by a sputtering meth- 
od. A tungsten film 1 9A with a thickness of approximate- 
ly 0.7 micrometers is formed on the titanium nitride film 
7-2 by a thermal chemical vapor phase deposition. WFg 

40 gas and Hg gas are used. The flow rates of WFg gas and 
H2 gas are respectively controlled at 100 seem and 1 
sIm. The pressure of the reaction chamber is maintained 
at 6600 Pa. The temperature of the substrate is main- 
tained at 400'*C. The deposition rate of tungsten is ap- 

4S proximately 0.3 micrometers/min. 

As Illustrated in FIG. 5J, the tungsten film 1 9-A, the 
titanium nitride film 7-2 and the titanium film 6-2 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the tungsten film 19-A, the titanium nitride film 

so 7-2 and the titanium film 6-2 only within the via holes 
15B. As a result, the conductive films, each of which 
comprises the tungsten film 19-A, the titanium nitrkie 
film 7-2 and the titanium film 6-2, are formed in the via 
holes 1 5B. The polishing is carried out by using an ack) 

55 polishing agent with a pH value of 2.5 where silicon ox- 
kJe particles with a diameter of approximately 30 na- 
nometers are dispersed in a pure water A rotational 
speed of a polishing pad is maintained at 50 times/min. 
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A rotational speed of a polishing head is also nnalntained 
at 50 times/min. The polishing agent Is added at a rate 
of 75 cc/min. The polishing rate is approximately 0.3 mi- 
crometers/min. 

As illustrated in FIG. 5K. a third photo-resisit film is s 
applied on an entire surface of the device and then pat- 
terned to selectively form a third photo-resist pattern 1 7. 
A third fluoro-containing silicon oxide film 16A with a 
thicknessof 0.8 micrometers is grown on the third fluoro- 
containing silicon oxide film by using the third photo-re- 
sist pattern 1 7 as a mask. The growth of the fluoro-con- 
taining silicon oxide film 16A is achieved by a liquid 
phase growth which uses a super-saturated hydrosili- 
cofluoric acid solution, wherein the hydrosilicofluorlc ac- 
id in the solution is maintained in super-saturated state 
by immersing and dissolving an aluminum piece in an 
aqueous solution which includes a hydrosilicofluorlc ac- 
id at a concentration of about 40% by weight. The reac- 
tions of hydrosilicofluoric acid with aluminum re ex- 
pressed by the foregoing formulae (1) and (2). The re- 
actions of hydrosilicofluorlc acid with aluminum, which 
are expressed by the above formulae (1) and (2), are 
caused by adding aluminum Into the hydrosilicofluorlc 
acid solution. The chemical equilibrium expressed in the 
left hand term is broken, thereby resulting in an extrac- 
tion of fluoro-containing silicon oxide so that the third 
fluoro-containing silicon oxide film 16A, which has Si-F 
bonding, Is deposited. During the deposition of the 
fluoro-containing silicon oxide film 16A, the hydrosili- 
cofluoric acid solution Is maintained at a temperature of 
35"C so that the solubility of aluminum to 1 liter of hy- 
drosilicofluoric acid solution is set at approximately 0.5 
g/hour, thereby resulting in a fluoro-containing silicon 
oxide film deposition rate being in the range of 80 na- 
nometers to 100 nanometers. 

The third photo-resist pattern, having apertures 
within which the fluoro-containing silicon oxide film 12 
is formed, is removed by a peeling liquid so that third 
interconnection grooves ISA are fomied in the third 
fluoro-containing silicon oxide film 16A. A titanium film 
6-3 with a thickness of 50 nanometers is deposited on 
an entire surface of the device by a sputtering method. 
A titanium nitride film 7-3 with a thickness of 1 00 nanom- 
eters is deposited on the titanium film 6-3 by a sputtering 
method. An aluminum film 8-3 with a thickness of ap- 
proximately 0.7 micrometers is formed on the titanium 
nitride film 7-3 by a thermal chemical vapor phase dep- 
osition, wherein dimethylalmlnumhydride AIH(CH3)2 is 
vaporized by a hubbling method with a carrier gas of 
hydrogen at a temperature of 30''C and then Introduced 
into a reaction chamber. The flow rate of hydrogen gas 
used in the hubbling method is controlled at 250 seem. 
The pressure of the reaction chamber is maintained at 
130 Pa. The temperature of the substrate is maintained 
at 250''C. The depositbn rate of aluminum is approxi- 
mately 0.4 micrometers/min. The aluminum film 8-3, the 
titanium nitrkle film 7-3 and the titanium film 6-3 are se- 
lectively removed by a chemical/mechanical polishing 



to leave the aluminum film 8-3, the titanium nitride film 
7-3 and the titanium film 6-3 only within the third inter- 
connection grooves 18A. As a result, the second inter- 
connections 9-3a, each of which comprises the alumi- 
num film 8-3, the titanium nitride film 7-3 and the titanium 
film 6-3, are formed in the second interconnection 
grooves 5A. The polishing is carried out by using an acid 
polishing agent with a pH value of 2.5 where silicon ox- 
ide particles with a diameter of approximately 30 na- 
nometers are dispersed in a pure water. A rotational 
speed of a polishing pad Is maintained at 50 times/mln. 
A rotational speed of a polishing head is also maintained 
at 50 times/min. The polishing agent is added at a rate 
of 75 cc/min. The polishing rate Is approximately 0.4 mi- 
crometers/min. 

The two level Interconnection structure is fabricat- 
ed. The surface of the Inter-layer insulator between the 
two level Interconnection layers are leveled. A sample 
is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each oth- 
er. A diameter of the via holes is 0.6 micrometers. Each 
via hole has a resistance of approximately 0.7 Q. The 
yield is 95%. 

According to the above method, the silicon oxide 
base film is formed to cover the first interconnections 
before the surface of the device is exposed to the super- 
saturated hydro-silicofluoric acid solution so that the first 
Interconnections are free from any corrosion caused by 
the super-saturated hydro-silicofluoric acid solution. 
The conductive film within the via holes are also free 
from any corrosion caused by the super-saturated hy- 
dro-silicofluoric acid solution as being covered with the 
photo-resist film. The combination of the chemk:al/me- 
chanical polishing and subsequent liquid phase growth 
allows the inter-layer insulator to have a level surface. 

A fourth embodiment according to the present in- 
vention will be described with reference to FIGS. 6A-5H, 
wherein a novel method for forming multilevel intercon- 
nections in a semiconductor device is provided. 

As illustrated in FIG. 6A, a first Insulating film 2, be- 
ing made of silicon oxide and having a thickness of 1 
micrometer, is formed as a first insulator on a silicon sub- 
strate 1 by a plasma chemical vapor deposition method. 
A photo-resist is applied on the silicon oxide film 2 and 
then patterned by photo-lithography to form a photo-re- 
sist pattern 3A on the first Insulating film 2. 

As illustrated in FIG. 6B, a second insulating film 
4A, being made of fluoro-containing silicon oxide and 
having a thickness of 0.8 micrometers, is grown on the 
first insulating film 2 by using the photo-resist pattern 3A 
as a mask. The growth of the fluoro-containing silk:on 
oxide film 4A is achieved by a liquid phase growth which 
uses a super-saturated hydrosilicofluoric acid solution, 
wherein the hydrosilicofluoric acid in the solution is 
maintained in super-saturated state by immersing and 
dissolving an aluminum piece in an aqueous solutk)n 
which includes a hydrosilicofluoric acid at a concentra- 
tion of about 40% by weight. The reactbn of hydroslli- 
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cofluoric acid with aluminum is expressed by the follow- 
ing formulae. 

HgSiFg + 2H2O ^ 6HF + ISO2 (1 ) 

Al^ + 3HF ^ AIF3 + 3H* (2) 

The above matter is disclosed In the Japanese laid- 
open patent application No. 62-20876. The reaction of 
hydrosilicofluoric acid with aluminum, which is ex- 
pressed by the above formulae (1 ) and (2), is caused by 
adding aluminum into the hydrosilicofluoric acid solu- 
tion. The chemical equilibrium expressed in the left hand 
term is broken, thereby resulting in an extraction of 
fluoro-containing silicon oxidase that the fluoro-contain- 
ing silicon oxide film 4A, which has Si-F bonding, is de- 
posited on the silicon oxide film 2. During the deposition 
of the fluoro-containing silicon oxide film 4 A, the hydro- 
silicofluoric acid solution is maintained at a temperature 
of 35* C so that the solubility of aluminum to 1 liter of 
hydrosilicofluoric acid solution is set at approximately 
0.5 g/hour, thereby resulting in a fluoro-containing sili- 
con oxide film deposition rate being in the range of 80 
nanometers to 100 nanometers. 

As illustrated in FIG. 6C, only the first photo-resist 
pattem 3A having apertures, within which the fluoro- 
containing silicon oxide film 4A is formed, is removed by 
a peeling liquid so that first interconnection grooves 5A 
defined by the fluoro-containing silicon oxide film 4A are 
formed. 

As illustrated in FIG. 6D, the substrate is introduced 
Into a sputtering apparatus and then a vacuum of 1 X 
10'^ Pa is created. The substrate is subjected to an etch- 
ing using an argon gas with a pressure of 0.7 Pa to re- 
move a spontaneous oxide film from the surface of the 
substrate. A titanium film 6-1 with a thickness of approx- 
imately 50 nanometers is deposited on an entire surface 
of the device by a sputtering method. A titanium nitride 
film 7-1 with a thickness of approximately 100 nanome- 
ters is deposited on the titanium film 6-1 by a sputtering 
method. An aluminum film 8-1 with a thickness of 700 
nanometers Is formed on the titanium nitride film 7-1 by 
a chemical vapor deposition, wherein dimethytalminum- 
hydride AIH(CH3)2 is vaporized by a bubbling method 
with a carrier gas of hydrogen at a temperature of 20^C 
and then introduced into a reaction chamber. The flow 
rate of hydrogen gas used in the bubbling method is con- 
trolled at 250 seem. The pressure of the reaction cham- 
ber is maintained at 1 30 Pa. The temperature of the sub- 
strate is maintained at 250''C. The deposition rate of alu- 
minum is approximately 0.4 micrometers/min. 

As illustrated in FIG. 6E, the aluminum film 8-1, the 
titanium nitride film 7-1 and the titanium film 6-1 are se- 
lectively removed by a chemical/mechanical polishing 
to leave the aluminum film 8-1 , the titanium nitride film 
7-1 and the titanium film 6-1 only within the first inter- 
connection grooves 5A. As a result, the first intercon- 
nections, each of which comprises the aluminum film 



6-1 , the titanium nitride film 7-1 and the titanium film 6-1 , 
are formed in the first interconnection grooves 5A. The 
polishing is carried out by using an acid polishing agent 
with a pH value of 2.5 where silicon oxide particles with 

s a diameter of approximately 30 nanometers are dis- 
persed in a pure water. A rotatbnal speed of a polishing 
pad is maintained at 50 times/min. A rotational speed of 
a polishing head is also maintained at 50 times/min. The 
polishing agent is added at a rate of 75 cc/min. The pol- 

10 Ishing rate is approximately 0.4 micrometers/min. 

As illustrated in FIG. 6F, a second photo-resisit film, 
which is not Illustrated, is applied on an entire surface 
of the device and then patterned to form a second photo- 
resist pattern which is not illustrated and positioned over 

IS the aluminum film 8-1 within the first interconnection 
grooves. An Inter-tayer Insulator 1 3C with a thickness of 
0.8 micrometers is fonned by using a plasma chemical 
vapor deposition method where the second photo-resist 
pattern is used as a mask. The second photo-resist pat- 

20 tern, having apertures within which the fluoro-containing 
silicon oxide film 1 3C is formed, is removed by a peeling 
liquid so that via holes 1 5B are formed in the fluoro-con- 
taining silicon oxide film 1 2. 

As illustrated in FIG. 6G, a tungsten film 19 with a 

25 thickness of approximately 0.8 micrometers is selective- 
ly formed within the via holes 51 B by a heat chemical 
vapor phase growth, in which WFg gas and SIH4 gas are 
used. The respective flow rates of WFe gas and SiH4 
gas are set at 20 seem and 1 2 seem. The substrate tem- 

30 perature is maintained at 270*C. The pressure of the 
reaction chamber Is set at 4Pa. The deposition rate is 
0.6 micrometers/min. 

As illustrated in FIG. 6H, a third photo-resisit film is 
applied on an entire surface of the device and then pat- 

35 terned to selectively form a third photo-resist pattem, 
which Is not illustrated and covers the tungsten film 19. 
A third fluoro-containing silicon oxide film 16A with a 
thickness of 0.8 micrometers is grown on the third fluoro- 
containing silicon oxide film by using the third photo-re- 

40 sist pattem as a nnask. The growth of the fluoro-contain- 
ing silicon oxide film 16A is achieved by a liquid phase 
growth which uses a super-saturated hydrosilicofluoric 
ackj solution, wherein the hydrosilicofluoric acid in the 
solution is maintained in super-saturated state by im- 

4S mersing and dissolving an aluminum piece in an aque- 
ous solution which includes a hydrosilicofluoric acid at 
a concentration of about 40% by weight. The reactions 
of hydrosilicofluoric acid with aluminum re expressed by 
the foregoing formulae (1 ) and (2). The reactions of hy- 

so drosilbofluoric acid with aluminum, which are ex- 
pressed by the above formulae (1 ) and (2), are caused 
by adding alumbium Into the hydrosilicofluoric acid so- 
lution. The chemical equilibrium expressed in the left 
hand term is broken, thereby resulting In an extraction 
of fiuoro-containing silicon oxide so that the third fluoro- 
containing silicon oxide film 16A, which has Si-F bond- 
ing, is deposited. During the deposition of the fluoro- 
containing silicon oxide film 16A. the hydrosilicofluoric 



12 



23 



EP 0 724 292 A2 



24 



acid solution is maintained at a temperature of 35*C so 

that the solubility of aluminum to 1 liter of hydrosillcofluo- 
ric acid solution is set at approximately 0.5 g/hour, there- 
by resulting In a fluoro-containing silicon oxide film dep- 
osition rate being in the range of 80 nanometers to 100 
nanometers. 

Subsequently, the third photo-resist pattem, having 
apertures within which the fluoro-containing silicon ox- 
ide film 12 is formed, Is removed by a peeling liquid so 
that third interconnection grooves 18A are fonned in the 
third fluoro-containing silicon oxide film 16A. 

A titanium film 6-3 with a thickness of 50 nanome- 
ters is deposited on an entire surface of the device by a 
sputtering method. A titanium nitride film 7-3 with a thick- 
ness of 1 00 nanometers is deposited on the titanium film 
6-3 by a sputtering method. An aluminum film 8-3 with 
a thickness of approximately 0.7 micrometers is formed 
on the titanium nitride film 7-3 by a thermal chemical va- 
por phase deposition, wherein dimethylalminumhydrlde 
AIH(CH3)2 is vaporized by a bubbling method with a car- 
rier gas of hydrogen at a temperature of 30**C and then 
introduced into a reaction chamber. The flow rate of hy- 
drogen gas used in the bubbling method is controlled at 
250 seem. The pressure of the reaction chamber is 
maintained at 1 30 Pa. The temperature of the substrate 
is maintained at 250° C. The deposition rate of aluminum 
is approximately 0.4 micrometers/min. 

The aluminum film 8-3, the titanium nitride film 7-3 
and the titanium film 6-3 are selectively removed by a 
chemical/mechanical polishing to leave the aluminum 
film 8-3, the titanium nitride film 7-3 and the titanium film 
6-3 only within the third interconnection grooves 18A. 
As a result, the second interconnections 9-3a, each of 
which comprises the aluminum film 6-3, the titanium ni- 
tride film 7-3 and the titanium film 6-3. are formed in the 
second interconnection grooves 5 A. The polishing is 
carried out by using an acid polishing agent with a pH 
value of 2.5 where silicon oxide particles with a diameter 
of approximately 30 nanometers are dispersed in a pure 
water. A rotational speed of a polishing pad is main- 
tained at 50 times/min. A rotational speed of a polishing 
head is also maintained at 50 times/min. The polishing 
agent is added at a rate of 75 cc/min. The polishing rate 
is approximately 0.4 micrometers/min. 

The two level interconnection structure is fabricat- 
ed. The surface of the inter-layer insulator between the 
two level interconnection layers are leveled. A sample 
Is formed by use of the above technique, wherein ten 
thousand via holes are connected in series to each oth- 
er. A diameter of the via holes is 0.6 micrometers. Each 
via hole has a resistance of approximately 0.8 Q. The 
yiekj is over 93%. 

According to the above method, the silicon oxide 
base film is formed to cover the first interconnectbns 
before the surface of the device is exposed to the super- 
saturated hydro-silicofluortc acid solution so that the first 
interconnections are free from any corrosion caused by 
the super-saturated hydro-silicofluoric acid solution. 



The tungsten film within the via holes are also free from 

any corrosion caused by the super-saturated hydro-sil- 
icofluoric acid solution as being covered with the photo- 
resist film. The combination of the chemical/mechanical 

5 polishing and subsequent liquid phase growth allows 
the inter-layer insulator to have a level surface. The in- 
ter-layer Insulator Is formed without any liquid phase 
growth, thereby the process for forming the Inter-layer 
insulator is relatively simple. 

10 The above novel method for forming the multilevel 
interconnections is applicable to three or more level in- 
terconnections. In place of the chemical/mechanical 
polishing method, an etch back process by a reactive 
Ion-etching which uses a fluorine compound and/or a 

15 chlorine compound is also available. The silicon oxide 
film may contain at least one of phosphorus, boron and 
germanium. Such film may be formed by either a sput- 
tering method or a chemical vapor deposition method. 
The interconnections may be made of a conductive ma- 

20 terial which includes at least one of titanium nitride, tung- 
sten, molybdenum, gold, silver, copper, silicon, alumi- 
num, titanium, titanium-containing silicon. Such conduc- 
tive film may be formed by a chemical vapor deposition 
method or a sputtering method. 

25 The super-saturated hydrosilicofluoric acid solution 
may be prepared by heating a hydrosilicofluoric solu- 
tion. The super-saturated hydro-silicofluoric acid solu- 
tion may also be prepared by dissolving aluminum into 
a hydrosilicofluoric solution. The super-saturated hydro- 

30 silicofluoric acid solution may be prepared by adding ei- 
ther a boric acid solution or water into a hydrosilicofluoric 
solution. 

As described above, the interconnection grooves 
are formed by a selective growth of the fluoro-containing 

35 silicon oxide film without using a reactive ion-etching 
process. This means that the interconnection grooves 
are free from any variation In its size due to any variation 
In the size of a photo-resisit pattern. 

When the inter-layer Insulator is formed, the first in- 

40 terconnectbns which underfying the inter-layer insulator 
are not exposed to the super-saturated hydro-silicofluo- 
ric acid solution so that the first interconnections are free 
from any corrosion. 

When the second fluoro-containing silicon oxide 

4S film which overiays the inter-layer insulator Is formed, 
the conductive films in the via holes of the inter-layer 
insulator are not exposed to the super-saturated hydro- 
silicofluoric acid solution so that the conductive films are 
free from any corrosion. 

so The groves and the via holes are filled with the con- 
ductive material to obtain level surfaces for facilitating 
the planerization. 

Whereas modifications of the present invention will 
no doubt be apparent to a person having ordinary skill 

55 in the art, to which the invention pertains, it is to be un- 
derstood that embodiments as shown and described by 
way of illustrations are by no means intended to be con- 
sidered in a limiting sense. Accordingly, it is to be intend- 
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ed to cover by claims ail modifications which fall within 
the spirit and scope of the present Invention. 



Claims 5 

1 . A method for forming a multilevel interconnections 
in a semiconductor device, comprising the steps of: 

forming a silicon oxide film (2) on a semlcon- io 
ductor substrate (1); 

forming a first photo-resist film pattern (3, 3A) 
on the first silicon oxide film (2) ; 
exposing the surface of the silicon oxide film (2) 
covered with the photo-resisit film pattern (3, '5 
3A) to a super-saturated hydrosilicofluoric acid 
solution to selectively deposit a first fluoro-con- 
taining silicon oxide film (4A) on the silicon ox- 
ide film (2) by use of the first photo-resist film 
pattern (3, 3A) as a mask ; 20 
removing the first photo-resist film pattern (3, 
3A) to form first grooves (5, 5A) in the fluoro- 
containlng silicon oxide film (4A) ; 4. 
selectively forming first interconnections (9-la) 
within the first grooves (5, 5A) ; 2S 
forming an inter-layer insulator (12) on the en- 
tire surface of the device ; 
subjecting the inter-layer insulator (12) to a dry 
etching and a subsequent photo-lithography to 
form via holes (15A, B) in the inter-layer insu- 30 5. 
lator (12): 

selectively forming conductive films (19) in the 
via holes (ISA, B); 

selectively forming a second photo-resist film 
pattern (11, 1 1 A) which covers the conductive 3S 
films (19) within the via holes (15A, B) ; 
exposing the entire surface of the device cov- 
ered with the second photo-resisit film pattern 
(1 1 , 1 1 A) to a super-saturated hydrosilicofluoric 
acid solution to thereby selectively deposit a 40 
second fluoro-containing silicon oxide film on 
the inter-layer insulator (1 2) by use of the sec- 
ond photo-resist film pattern (11. 11 A) as a 
mask; 

removing the second photo-resist film pattern 4S 
(11. 11 A) to form second grooves (18, 18 A) in 
the second fluoro-containing silicon oxide film ; 
and 

selectively forming second interconnections 
(9-3a) within the second grooves (18, 18A). so 

2. The method as claimed in claim 1 , characterized in 
that during the formation of the fluoro-containing sil- 
icon oxide film, the hydrosilicofluoric acid solution 

is maintained at a temperature of 35*C so that the 55 
solubility of aluminum to 1 titer of hydrosilicofluoric 
acid solutk>n is set at approxirrtately 0.5 g/hour. 



The method as claimed in claim 1 , characterized in 
that the step for forming each of the first and second 
interconnections comprises the following steps of: 

forming a titanium film (6-1 , 6-2, 6-3) on the en- 
tire surface of the device by sputtering ; 
forming a titanium nitride film (7-1 , 7-2, 7-3) on 
the titanium film (6-1 , 6-2, 6-3) by sputtering ; 
forming an aluminum film (8-1 , 8-2, 8-3) on the 
titanium nitride film (7-1 , 7-2, 7-3) by a thermal 
chemical vapor phase deposition which is car- 
ried out by the following steps of: 
vaporizing dimethylalminumhydride AIH(CH3)2 
by a bubbling method with a carrier gas of hy- 
drogen at a temperature of 30"C ; and 
introducing the vaporized dimethylalminumhy- 
dride AIH(CH3)2 into a reaction chamber, where 
the flow rate of hydrogen gas is controlled at 
250 seem, the temperature of the substrate Is 
maintained at 250°C and the pressure of the 
reaction chamber is 130Pa. 

The method as claimed in claim 1 . further compris- 
ing the step of: 

forming a base film mainly containing silicon ox- 
ide on the entire surface of the device prior to 
the formation of the second photo-resist film. 

The method as claimed in claim 1 , characterized In 
that the step for forming the conductive films (19) 
comprises the following steps of: 

fomning a titanium film (6-1 , 6-2, 6-3) on the en- 
tire surface of the device by sputtering ; 
forming a titanium nitride film (7-1 , 7-2, 7-3) on 
the titanium film (6-1 , 6-2, 6-3) by sputtering ; 
forming an aluminum film (8-1 , 8-2, 8-3) on the 
titanium nitride film (7-1, 7-2, 7-3) by a thermal 
chemical vapor phase deposition which is car- 
ried out by the following steps of: 
vaporizing dimethylalminumhydride AIH(CH3)2 
by a bubbling method with a carrier gas of hy- 
drogen at a temperature of 30''C ; and 
Introducing the vaporized dimethylalminumhy- 
dride A1H(CH3)2 into a reaction chamber, where 
the flow rate of hydrogen gas is controlled at 
250 seem, the temperature of the substrate is 
maintained at 250''C and the pressure of the 
reaction chamber is 130Pa. 
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